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A natural result of knowledge of interoception, so 
fruitfully developed in recent years by Soviet and for- 
eign investigators, is the attempt to use the data ob- 
tained in this field for clarification of physiological and 
pathological processes taking place in the human organ- 
ism. But the quest for such an aim runs up against many 
difficulties, one of which is the lack of direct data char- 
acterizing interoception in man, A large number of in- 
vestigations devoted to interoception have been in 
chronic or acute animal experiments, and merely a few 
isolated researches were carried out in man, in which 
various reflex actions arising from the mechanorecep- 
tors of the stomach and small intestine were recorded, 
No direct observations have been made in man on the 
activity of the receptors (by recording their action po- 
tentials), in particular on the chemoreceptors of the in- 
ternal organs. 

{n order to clarify the different aspects ot venous 
receptor activity, a method was developed by O, P, 
Minut-Sorokhtina [4] in the Physiology Department of 
Khabarovsk Medical Institute, using an isolated vessel- 
nerve preparation. This preparation, consisting of the 
isolated vessel with the corresponding afferent nerve, 
was an excellent model, allowing oscillographic re- 
cording of the action current of the afferent nerve for 
widely varying supraliminal stimulation of the venous 
receptors, The development of this method gave us the 
possibility of using various human internal organs, re- 
moved during surgery, in the electrophysiological study 
of reception.* 


METHOD 


The portion of the organ removed was stirred in 
Tyrode solution immediately after the operation, and 
was kept at a lowered temperature until the experiment 
was begun. Then the organ was perfused with T yrode 
solution through one of its arteries. Both the tempera- 
ture and pressure of the perfusing fluid remained con- 


stant throughout the entire experiment. At the start of 
the experiment an active afferent nerve for recording of 
action potentials was discovered by using the oscillo- 
scope to monitor such activity, After this, chemical 
stimuli were administered by perfusion into the vascular 
system of the organ, or by application on the Mucous 
membrane. We took into account the available data in 
the literature on the high sensitivity of the receptors of 
the lesser curvature of the stomach and most often 
traced out our afferent nerve for recording from the pos- 
terior wall of the lesser curvature. In those operations 
in which the intestine was removed, we made use of a 
branch of the intestinal nerve. The following chemical 
substances were used as stimuli: 10% glucose, 1% pep- 
tone, 0.1% calcium chloride, and 0.1% caffeine. 
Sponges moistened with 10% caffeine or 40% alcohol 
were placed on the mucous membrane. The stimuli 
were applied several times in the course of the entire 
experiment. The experiments were performed in a 
shielded room with the aid of a double beam oscillo- 
scope. Records of the bioelectric currents were photo- 
graphed on film moving at 25 mm/sec. The writing 
speed was 800 cycles and the amplification was such 
that the beam was displaced 4 mm for 25pv, with an 
interelectrode distance of 2-4 mm. 


RESULTS 


Twenty-three positive results were obtained in 30 
experiments, in which portions of the stomach and small 
intestine were removed, and in which afferent action 
potentials were recorded and changes presented under 
the influence of the chemical substances applied. Inseven 


* We wish to thank Professors S. K. Nechepaev and 
M. A. Khelimskii, Docent S. 1. Sergeev, and their as- 
sociates in the Surgical Clinic, for their cooperation in 
helping us carry out the present work, 





Fig. 1. Change in impulse activity of an afferent nerve of the resected stomach of man dur- 
ing perfusion with glucose, peptone, and caffeine, A) Before perfusion with glucose; B) after 
2 minutes of glucose perfusion; C) after 4 minutes of the same; D) after washing out of glu- 
cose; E) after 3 minutes of peptone perfusion; F) after 6 minutes of same; G) after washing 
out of peptone; H) after 1 minute of perfusion with caffeine; J) after 3 minutes of same; 
K) after caffeine is washed out of perfusing medium. 





Fig. 2. Change in impulse activity of an afferent nerve of the resected stomach of man as a result of applica- 


tion of caffeine to its mucous membrane, 


A) Before application; B) 1 minute after application of caffeine; 


C) after 2 minutes; D) after removal of caffeine from the mucous membrane, 


experiments no action potentials from the receptors 
were found, with the exception of short-lived repeti- 


tive action. 

Before application of the stimuli, very low back- 
ground activity was recorded from the receptors and, 
more often than not,it was totally absent. Several au- 
thors [1-3,5] have noted similar features of the activity 
of the receptors in their oscillographic studies. In re- 
sponse to the action of any of the stimuli used, action 
potentials made their appearance, or the existing ones 
were increased. In some experiments we determined 
a minimal latent period which fluctuated in the range 
of 30-45 seconds. In several experiments, the activa- 
tion of bioelectric potentials was obtained only after 
a longer period of action — after 2-5 minutes. 

Not all of the chemical stimuli produced strength- 
ening of the biopotentials with the same constancy. 
Solutions of glucose and calcium chloride, perfused 
through the vessels, and caffeine applied to the mucous 


membrane appeared to be the most effective stimulants. 


Solutions of peptone and caffeine were less activating 
when perfused through the vessels, and alcohol was not 
very effective when applied to the mucous membrane. 
When the same substance was given, it did not always 
yield the same result with regard to the height, fre- 


quency, and particularities of the grouping of impulses, 
so that it caused difficulty in any attempt to establish 

a particular pattern of impulse generation characteristic 
for each substance employed. But it was possible to ob- 
serve relatively specific features of the potentials 
brought out by some substances. Thus, in perfusing with 
peptone, most often high voltage (50-100pv), 5 to40-50 
per second impulses occurred. These gradually became 
more rapid, in some cases significantly so (Fig. 1 E,F). 
With calcium it was more characteristic for potentials 
with various frequencies of fine tracings to appear, fol- 
lowed by potentials of high frequency. Low voltage po- 
tentials, barely exceeding the noise level of the appar- 
atus(5-10uv),were most commonly recorded when al- 
cohol was applied to the mucous membrane. Impulses 
brought on by vascular perfusion of glucose and topical 
application of caffeine to the mucous membrane were 
of a similar character. Both substances, which showed 
the clearest effects in most of the tests (glucose in 20 
out of 22, caffeine in 18 of 20 experiments) elicited 
very high activity, in which the potentials of rapid fre- 
quency attained values of 100v or more and came either 
rhythmically or in volleys with amplitudes of 25-50pv 
(Fig. 1 A, B, and C). In some individual tests,the po- 
tentials which resulted from these substances were less 
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Fig. 3. Change of impulse activity of an afferent nerve of a portion of the small intestine of 
man during installation in the lumen of peptone and glucose. A) Before peptone; B) 5 minutes 
after application of peptone; C) 8 minutes after same; D) 3 minutes after washing out of 
peptone from lumen of intestine; E) before glucose; F) 1 minute following glucose; G) after 
washing out of glucose from lumen of intestine. 


significant. It was shown that the impulses elicited by in the lumen. During this procedure rapid potentials oc- 
the application of caffeine to the mucous membrane curred which did not exceed 15-25yv. Zamyatina [3] 
of the stomach were greater than the activity produced has recorded similar impulses from the intestinal recep- 
by perfusion of this agent through the blood vessels. This tors of animals. In addition to the low voltage impulses, 
effect was so clear-cut that it could be used as a test for potentials of high amplitude (50- 100pv) and frequencies of 
the identification of an active afferent nerve at the be- 4-6 per second were also registered (Fig. 3). 
ginning of the experiment.(Fig. 1H, J; Fig. 2A B, 
C, and D). SUMMARY 

Potentials were recorded from the receptors of the The authors studied the chemoreceptions of the human 
small intestine when glucose and peptone were placed stomach and small intestine removed during surgery. 
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The impulse activity in the peripheral section of the af- 
ferent nerve was recorded in conditions of perfusion of 
these organs. Administration into the vessels and appli- 
cation to the mucosa of these organs, of various chemi- 
cal substances (solutions of glucose, peptone, calcium 
chloride, caffeine, and alcohol), promoted the appear- 
ance of the previously absent impulsation, or enhanced 
it. The impulses, from 5-10pv to 100pv and over, were 
either individual with a definite rhythm, or grouped in 
the form of an uninterrupted series. There were no 
marked differences in the impulsation resulting from the 
action of various substances, The greatest activity was 
recorded with the introduction of glucose into the ves- 
sels and with the application of caffeine upon the 
mucous membrane. The data presented point to the 
possibility of using certain humaninternal organs, 
removed during surgical operations, for the electro- 


physiological study of different types of reception. 
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Modern microelectrode technique permits us not 
only to record the potentials that arise in single neurons 
while the latter are participating in various sorts of re- 
flex activity,but also to study the functional character- 
istics of these cells by direct stimulation. The recording 
of potentials of single neurons during reflex activity 
clearly shows that the three main types of elements in 
the spinal cord— the nerve fibers, and the cell bodies of 
internuncial and motor neurons— are quite different in 
their functional properties. But the method of direct 
stimulation has so far been employed only on motor 
neurons. We have utilized this method to determine the 
differences in activity among all three types of elements 
in the spinal cord, 


METHODS 

Direct stimulation of the cell with an intracellular 
microelectrode is possible with single-barreled micro- 
electrodes [2, 6], and also with double-barreled micro- 
electrodes [4]. In the first case,the microelectrode is 
incorporated in one arm of a bridge network, and the in- 
put of an amplifier system is used as a null instrument. 
But this method requires very complex regulation in pick- 
ing up potentials, and is therefore not very convenient. 
We have employed double-barreled microelectrodes, 
prepared by drawing two Pyrex glass pipettes, fused 
along their length, in an automatic puller. The micro- 
electrodes were filled with 3MKC1 solution. One of 
the barrels was used for recording potentials, and was 
connected to the input of a cathode follower; the other 
was used for polarization of the cell. The polarizing 
current took the form of rectangular pulses produced by 
a rectangular-pulse generator and fed to the microelec- 
trode through an output stage with rf coupling [1]. The 
polarizing circuit contained resistance equal to 80 meg; 
the polarizing current was 10 ° amp. Stimulation was 
produced by a current passing out of the cell (microelec- 
trode positive, external electrode negative). 

The main drawback of the double-barreled micro- 
electrodes is the presence of a common resistance in the 
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two electrodes and capacitative coupling between them. 
The resistance of the electrodes is usually especially 
high at the very tip; the passage of current often pro- 
duces a much greater potential drop in this resistance 
than in the resistance of the cell membrane. For this 
reason determination of the true magnitude of the 
change in the resting potential of the cell is impossible, 
and polarization can be measured only by the strength 
of the polarizing current. Double-barreled microelec- 
trodes are ordinarily selected from a large number of 
electrodes, and those are used in which the common re- 
sistance is not greater than 300 kohm, on account of 
certain special features of the breaking of the tip [4]. 
But such electrodes usually have a tip of rather large 
diameter (up to 11); they can be used for recording 
motoneuron potentials, but they do not penetrate inter- 
nuncial neurons and nerve fibers. We have therefore 
been forced to use finer double-barreled microelectrodes, 
although they had considerable common resistance. Ac- 
cordingly, the rectangular pulse in the oscilloscope pic- 
tures presented below reflects not only the change in the 
resting potential of the cell but also,to a considerable 
degree,the potential drop in the vicinity of the micro- 
electrode tip. 

The effect of capacitative coupling between the 
electrodes can be compensated to some extent by 
special circuitry [3]; in the present study, we have not 
used this type of compensation. 

The experiments were performed on cats under 
pentobarbital anesthesia. 


RESULTS 

In view of their large diameters, motoneurons are 
the most suitable object for the insertion of double- 
barreled microelectrodes. When movements of the cord 
are dependably eliminated, the microelectrode may rer 
main in the cell for a long time, and the effect of 
direct stimulation can be compared in detail with the 
activity that arises under the influence of synaptic or 
antidromic impulses. 





Spike potentials (SP) generated in motoneurons in 
all three types of stimulation are identical, as has been 
shown previously [5]. The duration of SP (including 
weak trace depolarization) is 2—3 msec; there then 
develops a rather intense and prolonged hyperpolari- 
zation of the cell surface. The amplitude of the SP 
reaches 80mvor more. The rising phase of the spike is 
distinctly divided into two parts with different slopes. 
The slower potential rise is replaced by a steeper one 
when the depolarization reaches about 30-40 my, In 
some instances, particularly in polarization of near- 
threshold intensity and in recording from partially dam- 
aged cells (with a considerably reduced resting poten- 
tial), only the first component of the SP develops; but 
it still obeys the “all or none” law, aS a maximal 
spike does. The duration of this component is shorter 
(about 1 msec), and no perceptible hyperpolarization 
develops afterward. 

Figure 1 shows examples of SP obtained from the 
same motor cell during direct stimulation, synaptic 
excitation, and antidromic excitation (by stimulation 
of the ventral root). As can be seen, the only differ- 
ence in these oscillograms upon synaptic excitation was 
a slow variation in the resting potential of the cell 
(postsynaptic potential). We also note some diminution 
in the amplitude of SP upon direct stimulation— the 
usual phenomenon in a region of catelectrotonus. 

Along with the motoneurons, which are easily dif- 
ferentiated on the basis of antidromic excitation, are 
found cellular elements with very different response 
characteristics from those described above. These cel- 
lular elements are subdivided into two groups, distin- 
guished primarily by the shorter duration of their SP 
(1 msec or less). 

In one group of cellular elements, a slightly supra- 
threshold depolarization evokes rhythmic discharge of 
SP, which does not happen in motoneurons. As the po- 
larizing current increases, the number of impulses in the 
discharge increases. With sufficient depolarization,the 
rhythmic discharge is generated as long as the current 
is flowing. The duration of the SP in these cells is 
about 1 msec, and the discharge frequency is as high as 
400-500 impulses/sec. Therefore, the refractory period 
in these neurons does not last more than 1-2 msec, 

The amplitude of the SP in these neurons is perceptibly 
lower than in the motoneurons, being around 20-30 my. 


10 msec 
10 mv 


Fig. 1. Recording from motoneuron. 
1) Direct stimulation; 2) response to 
stimulation of cutaneous nerve; 3) re- 
sponse to antidromic impulse. 


uu 


10 msec 


Fig, 2, Recording from internuncial 
neuron showing effects of direct stim- 
ulation at various current strengths, 


In natural reflex activity these neurons ordinarily dis- 
play high-frequency discharges in response to a single 
afferent impulse; the duration and amplitude of the SP 
is the same in both cases. Figure 2 illustrates the re- 
sponse of a neuron of this type to depolarization of 
gradually increasing intensity. 

The second group of cellular elements responds to 
a depolarizing pulse with only one SP, even if the in- 
tensity of the depolarization is increased. In this group 
the SP is of even shorter duration (about 0.75 msec), 
The amplitude of the spikes is low in these elements, 
too, amounting to20-30 mv asarule. Trace hyper- 
polarization is not seen. An example is shown in Fig. 3. 

There is every reason to Classify the cellular ele- 
ments of this last type as neuronal axons. Elements 
with these characteristics are the only type found in re- 
cording from the region of the white matter. The SP 
observed are identical in their characteristics with the 
SP recorded from various cellular elements in the white 
and gray matter upon stimulation of peripheral nerve 
fibers. These elements never display convergence, and 
the latent period of excitation of these elements is very 
short. Of course, in this case we may be dealing only 
with recording from those axons having the largest 
diameters, 

The elements that react with a rhythmic discharge 
to direct stimulation must be regarded as the cell bodies 
of intermediate neurons. In this case we lack such def- 
inite criteria for cell differentiation as antidromic ex- 
citation in the case of the motoneurons and the short 
latent period and the impossibility of demonstrating 
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Fig. 3, Recording from axon show- 
ing effects of direct stimulation at 
various Current strengths. 





convergence in the case of the afferent fibers. The 
identification of elements with responses of this type as 
internuncial neurons is justified by a comparison of 
their responses on direct stimulation with the character- 
istics of their electrical activity during reflex excita- 
tion. Elements with this type of activity almost always 
show broad convergence of influences from various af- 
ferent sources, and a long latent period pointing to one 
or even several preliminary synaptic delays. Thus, the 
data that we have obtained about the main types of 
cellular elements in the spinal cord, as a result of di- 
rect stimulation, correspond completely to the clas- 
sification established by recording of intracellular po- 
tentials during reflex excitation [7]. Consequently, the 
type of activity a cell displays is a quite firmly fixed 
property of the cell, which is not dependent on the 
source—an external electric current or synaptic activ- 
ity—of the depolarization that gives rise to this activ- 
ity. 

The types of activity the various elements display 
are precisely adapted to the tasks they perform, Neuro- 
nal axons, by responding in a 1:1 fashion, can transmit 
information with the least distortion. The internuncial 
neurons, on the other hand, are particularly suited to 
the generation of sustained discharges in response to any 


incoming signal; in this way, excellent possibilities are 


created for temporal summation of the postsynaptic ex- 
citatory and inhibitory processes evoked by them in 


motoneurons, and for generation of prolonged inhibitory 
and excitatorystates—the bases of central coordination 
-in these neurons. Finally, since the motoneurons have 
a mechanism for intensive trace hyperpolarization (al- 


most absent in the internuncial neurons), they generate, 
on the basis of these prolonged depolarization processes, 
discharges of propagated impulses with a very low fre- 
quency. This frequency is adequate to maintain a fused 
tetanic muscular contraction; at the same time, it is 
maximally economical, and eliminates the possibility 
of peripheral blocking resulting from the development 
of Vvedenskii inhibition, 


SUMMARY 
Responses of various units in the cat's spinal cord 
to direct stimulation were studied by means of double- 
barreled intracellular microelectrodes. Three main 
types of units were found, corresponding to the three 
types of single-unit responses during reflex stimulation. 
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Until recent times, in studies of the processes of 
higher nervous activity, observations of only the termi- 
nal effects (motor, secretory, etc.) of invoked reflexes 
were possible, The development of electroencephalo- 
graphy has permitted study of these processes by the di- 
rect display of the bioelectric activity of nerve cells of 
the cerebral hemispheres. 

Simultaneous registration of potentials in various 
cortical areas discloses varied electrical changes which 
are a manifestation of the mosaic of cortical activity. 

Numerous investigations conducted on animals [1, 
3-11, 13-21] have made possible the elaboration and 
confirmation of the basic tenets of the doctrine of I,P. 
Pavlov concerning conditioned reflexes, and have dis- 
closed some new features of the processes involved in 
higher nervous activity, 

Of particular significance is the explanation of the 
mechanism of dynamic electroencephalographic changes 
related to the various developmental stages of condi- 
tioned reflexes. These changes were observed by M, 1. 
Livanov [9, 10], who noted the progressive reduction in 
the extent of cortex responding to the conditioned stim- 
ulus. 

Changes in the human electroencephalogram during 
the formation of motor conditioned reflexes were re- 
ported by Gastaut and his collaborators [17, 18,and 19], 
who observed the gradual restriction of the zone of con- 
ditioned-reflexive depression to the region of the invol- 
ved analyzer. 

In order to investigate electroencephalographic 
changes during prolonged reinforcement of conditioned 
reflexes, we conducted observations on more than 60 
healthy people. 


METHOD 

A four-channel inkwriting electroencephalograph 
was used for recording. Potentials were led off from the 
surface of the head by silver electrodes mounted in a 
glass cap secured by rubberbands, During the develop- 
ment of the defensive conditioned reflex involving elec- 
trocutaneous reinforcement, the subject's hand rested on 
a “mushroom” whose contacts were connected to the 
induction coil. During the development of conditioned 


reflexes involving reinforcement by passive movement, 
the right hand was placed on a movable plate whose end 
(where the wrist lay) could be raised by the experimenter. 

In addition, a motor conditioned reflex involving 
reinforcement by a verbal stimulus ("press") was devel- 
oped according to the method of A, G. Ivanov-Smolen- 
skii [2, 12}. 

The electrical activity of the brain was simultane- 
ously recorded, as well as a myogram of the extensor or 
flexor digits of the hand. 


RESULTS 

Prior to the development of the conditioned reflex, 
observations were made of the dynamic extinction of the 
orientative electroencephalographic reaction in response 
to the application of the stimulus which was subsequently 
used in conditioning, During this period there occurred 
a gradual organization, involving blocking of the basic 
rhythm and subsequent weakening of this reaction. 

Thus, with the initial use of auditory stimulation, a 
generalized depression set in not only in the region of 
the auditory analyzer, but also in the motor and visual 
analyzers, However, after 10-20 trials with this stimulus 
alone, this depression was completely absent. 

A gradual weakening of the blocking reaction was 
also observed with a visual stimulus, but this occurred 
after a considerably greater number of trials (25-30) 
with the visual stimulus, and a completely extinguished 
reaction was not noted, 

In the first series of experiments,a conditioned re- 
flex to a metronome was developed by combining the 
sound (120 beats/min) with passive elevation and low- 
ering of the right hand, This movement produced a 
generalized reaction of depression in all leads, With 
repetition, however, this depression persisted only in the 
Rolandic region of the left hemisphere. 

With formation of the conditioned reflex (4-8 
trials) the auditory stimulus produced a conditoned-re- 
flexive generalized reaction of depression of basic rhy- 
thms in both hemispheres, at first in the left and then in 
the right, with engagement of the auditory analyzer 
(Fig. la). After subsequent trials (20-30) onset of the 
metronome and conditioned-reflexive elevation of the 


881 





right hand produced blocking of the basic rhythm only 
in the left Rolandic region (Fig. 1b). Some hyper- 
synchronization of the basic rhythm might be observed 
in the right Rolandic region at this time, apparently 
indicating the indirect relationship between processes 
in symmetrical parts of the motor analyzer. With 
further practice and strengthening of the conditioned 
reflex, electroencephalographic changes in response to 
the conditioned stimulus progressively diminished even 
in the left Rolandic region. Finally, after 60-80 trials, 
the conditioned stimulus no longer produced depression 
of the basic rhythm (Fig. Ic, d). 

In the next series of experiments, motor reflexes 
were produced by verbal reinforcement according to 
the method of A. G, Ivanov-Smolenskii. A bell sound 
of moderate loudness was combined with the verbal re- 
inforcement "press", with the latter occurring 1.5 
seconds after the beginning of the conditioned stimulus. 
With development of the conditioned reflex (2-5 trials), 
there occurred a generalized basic rhythm depression 
which corresponded to the movement of the right hand 
as the rubber bulb was pressed (Fig. 2a). 

Strengthening of this conditioned reflex (15-20th 
trial of bell with verbal reinforcement “correct™) led to 
afocusing of the depression in the left Rolandic region 
only, at the moment of conditioned-reflexive movement 
of the right hand (Fig, 2b). 

Subsequently, by the 40-50th trial, blocking of elec- 
trical activity could no longer be seen even in the left 
Rolandic region, regardless of the fact that the auditory 
signal continued to produce conditioned-reflexive move- 
ment of the hand (Fig. 2c). 

In the third series of experiments a motor-defen- 
sive reflex wasproduced. The sound of the metronome 
(120 beats/min) was used as the conditioned stimulus, 
and electric shock to the right wrist as the unconditioned 
stimulus, 

The conditioned stimulus preceded the uncondi- 
tioned stimulus by 2 sec, and also lasted during the fol- 
lowing 2 sec of the latter. With presentation of the 
electrocutaneous stimulus, blocking was noted in all 
leads, particularly in the contralateral Rolandic region. 
The conditioned reflex was developed by the 5-15th trial. 
The sound of the metronome produced a general- 
ized depression which spread from the left Rolandic re- 
gion to the right Rolandic and temporal regions, 

With consolidation of the motor conditioned reflex 
(20-25th trial) this depression evoked by the metronome 
was maintained only in the left Rolandic region, Full 
extinction, however, of the electroencephalographic re- 
action was not observed in this series of experiments, A 
similar electroencephalographic reaction occurred with 
the development of a conditioned reflex involving the 
flickering of an electric light bulb (2 times per sec) 
combined with passive elevation and lowering of the 
right hand, with the latter loosely resting on a movable 
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lowering of the hand (subject P., age 20), A) Generalized depression, spreading successively from the left Rolandic region to the right Rolandic 
and temporal regions (10th trial); B) organized depression chiefly in the left Rolandic region, preceding the conditioned-reflexive movement 


(28th trial); C) absence of visible depression after prolonged practice (79th trial); D) same as (C) (80th trial). 
and termination of auditory conditioned stimulus; EEG with left Rolandic lead; EEG with right Rolandic lead; EEG with temporal lead; general 


myogram of extensor digits of right hand; time in seconds, 
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plate. With development of this reflex, conditioned -re- 
flexive blocking was first noted in the Rolandic region 
involving both hands, and also in the occipital region 
(after 5-15 trials). 

With strengthening of the reflex (30-40 trials) the 
reaction was maintained only in the Rolandic region. 

Thus, with the development of motor conditioned 
reflexes in humans, one can observe, at first,a general- 
ized depression of the alpha-rhythm in all leads which 
is gradually restricted to the region of the contralateral 
motor analyzer. 

Further strengthening of the conditioned reflex 
leads to the gradualabolition of this conditioned-re- 
flexive electroencephalographic reaction, It was shown 
that it is possible to achieve a situation in which some 
conditioned stimuli, e.g., sound, do not produce observ- 
able changes in the basic electrical activity of the brain, 
although they continue to evoke conditioned-reflexive 
movements, 

The disappearance of conditionedreflexive depres - 
sion of the alpha-rhythm with prolonged practice occurs 
most rapidly with reflexes involving verbal reinforce- 
ment, and least with motor-defensive reflexes, 


SUMMARY 

The EEG changes, with prolonged repetition of con- 
ditioned reflexes (elaborated according to the method 
of defensive and speech-motor conditioned reflexes), 
were studied in 60 healthy individuals. 

The reaction of the alpha-rhythm depression ob- 
erved at the beginning in all of the leads, gradually 
becomes limited to the area of the motor analyzer, on 
the side contralateral to the reinforcing movement, 

Further strengthening and repetition of a conditioned 
reflex results in a gradual leveling out of the conditioned- 

flex electroencephalographic reaction, Suchcon- 
dition may be attained when it becomes very difficult, 
or even impossible, to detect any changes in the main 
electric activity of the brain in response to some stimuli, 
for instance, acoustic ones, although these are still 
capable of provoking conditioned reflex motor reaction, 
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Modern methods of recording electrical activity in 
the central nervous system have made it possible to de- 
termine the cortical representation of the viscera, Many 
studies have been made [3, 4, 5, 9, 11,12] of cortical 
interoceptive representation by means of electroenceph- 
alography, and the first satisfactory results have been ob- 
tained in this way. 

The recording of the primary cortical response re- 
presented a great step forward in the study of cortical 
visceral representation, and it has enabled a large num- 
ber of projection areas of organs innervated by the vagus 
splanchnic, and pelvic nerves to be determined [7, 15, 
16}. 

Attempts to study cortical visceral representation by 
means of extirpation have been reported in several arti- 
cles [1, 2, 6, 8, 10]. By this means it was possible to 
demonstrate that comparatively large cortical areas, 
chiefly in the motor and premotor cortex, were concerned 
in the reception of impulses originating from several of 
the viscera. However, until now, electrophysiological 
results have not been in good agreement with those ob- 
tained through extirpation, So far as we know, no study 
has been made of the effect on the interoceptor con- 
ditioned reflexes of extirpating the projection areas, as 
determined by recording the primary responses. 

One of us [13] has proposed that the focus of maxi- 
mal activity in the primary response areas represents the 
nucleus of the analyzer. 

In the present article we have attempted to test this 
hypothesis by determining the extent to which the vagal 
cortical projection area is involved in the formation and 
control of conditioned gastric interoceptor reflexes, 


METHOD 
The experiments were carried out on three dogs 
(Ruslan, Sultan, and Jack) in which carotid and gastric 
fistuli had been established. In Sultan, in addition ,there 
was an intestinal fistula. The work was carried out in a 
soundproof room using conditioned reflexes of the digestive 


system, The unconditioned stimulus was a meat pre- 


paration. Exteroceptive and interoceptive conditioned 
reflexes were established in all the animals by present- 
ing the conditioned and unconditioned stimuli at a time 
interval of 15 seconds, The exteroceptive conditioned 
stimulus was a bell, and the interoceptive stimulus was 
applied by inflating a rubber balloon in the empty stom- 
ach once per second, In addition, in Sultan, the mechano- 
receptors of the small intestine were stimulated by the 
expansion of a thick-walled rubber balloon introduced 
through the intestinal fistula. 

After developing a set of conditioned reflexes, an 
operation was performed to remove the cortical vagal 
area, The anesthetic used was a mixture of chloroform 
and ether. Two cuts at right angles were made in the 
dura mater, and the flaps were turned back over the 
edge of the bone. Using a bent Folkman spoon, a piece 
of grey matter measuring 1.5 X 1 cm was carefully re- 
moved from the postero- inferior portion of the orbital 
gytus and from the deep portion of the olfactory groove, 
areas which corresponded to the projection of the nuclei 
of the vagus. Because of the small amount of damage to 
the brain, the dog was again in good condition as early 
as the 4-5th day. The condition of the exteroceptive 
and interoceptive conditioned reflexes was again studied. 

Also, a control extirpation was carried out in which 
portions of the parietal cortex of corresponding size were 
removed from both sides (part of area 7 of the maps by 
Gurevich and Bykhovskaya). 


RESULTS 

Ruslan. The conditioned interoceptive reflex to 
stimulation of the gastric mechanoreceptors was achieved 
after 25-28 combined applications of the stimuli. 

Later, introduction into the experiment of an extero- 
ceptive conditioned stimulus did not change the magni- 
tude of the already elaborated conditioned interoceptive 
reflex. After the conditioned reflexes to the bell and to 
gastric interoceptor stimulation had become stable and 
the variation was less than 5-7 drops, the vagal cortical 
projection area was removed bilaterally. After 4 days, 
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the dog was again tested. It was found that the magni- 
tude of the conditioned reflex to gastric mechanorecep- 
tor stimulation had been reduced to half, whereas the 
exteroceptive conditioned reflex had remained un-- 
changed. After seven days, the saliva yield from the 
conditioned reflex to mechanoreceptor gastric stimulation 
gradually returned to 5-6 drops. As a control on the 
same dog, a second operation was performed in which 
portions of cortex were removed symmetrically from the 
parietal areas. No noticeable changes in the extero-or 
interoceptor conditioned reflexes were noticed. Fig. 1 
illustrates the development and the state of the condi- 
tioned reflexes before and after the two operations. 

Sultan. After 12-15 combined applications of the 
stimuli, the conditioned reflex was developed to the 
bell (6-7 drops) and after 18-20 applications, the intero- 
ceptive reflex to mechanoreceptor gastric stimulation 
reached a steady level at 5-6 drops. Next, in the same 
dog, after 28-30 combined applications of the stimuli,a 
conditioned reflex was developed to stimulation of the 
mechanoreceptors of the intestine (3-5 drops). In the 
great majority of cases, conditioned gastric mechano- 
receptor stimulation produced 1-2 drops more than did 
stimulation of the intestinal mechanoreceptors. 

After the conditioned reflexes had become stable 
within the limits described, the vagal cortical represen- 
tation was extirpated bilaterally. Tests of conditioned 
reflex activity 4 days after the operation showed that 
the conditioned responses to the bell and to stimulation 
of the intestinal mechanoreceptors had undergone no 
change, and remained within the previous limits. The 
conditioned response to gastric stimulation had become 
reduced, and only after 8-10 days gradually returned to 
the preoperative level (Fig. 2). 

Jack. To determine the part played by the afferent 
vagal pathways, in the dog Jack, it was decided to divide 
the vagus below the diaphragm at the same time as the 
fistula was established. In this way it was thought that 
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Fig. 1. A conditioned reflex activity in the dog 
Ruslan before and after removal of the vagal cor- 
tical representation. 1) Response to bell; 2) re- 
sponse to gastric stimulation. 
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the afferent vagal pathway would be largely eliminated. 
As in the previous animals, conditioned exteroceptor 

and interoceptor reflexes were developed. During the 
formation of these reflexes, several special features 
were noticed, and it was found that they developed 
much more slowly than in the other two dogs, and that 
the response was phasic. Whereas in Ruslan and Sultan 
the gastric conditioned reflex appeared after 18-22 com- 
bined presentations of the stimuli, and remained stable, 
in Jack, it did not develop until 38-40 presentations, and 
then disappeared and did not return until the 54-56th 
stimulation. 

After the vagal cortical areas had been extirpated, 
the interoceptive conditioned reflex was considerably 
reduced, and whereas 5 drops had been obtained before 
operation, only 1 was obtained afterward. The feature 
of this period was the greater time taken for the recovery 
of the reflex compared with the corresponding period in 
dogs in whom the stomach had not been denervated. 

Just as in Ruslan and Sultan, the exteroceptive condi- 
tioned reflex underwent no important change (Fig. 3). 

At present there is no agreement as to what is the 
functional structure of the cortical interoceptor repre- 
sentation [2, 14]. 

The results described here confirm the idea that the 
cortical areas determined by recording primary re- 
sponses are the cortical nuclei of the interoceptors. This 
conclusion is supported by the fact that after the vagal 
cortical areas had been removed, the interoceptive con- 
ditioned reflex to mechanoreceptor gastric stimulation 
was impaired in 2 out of the 3 dogs. Also,it remained 
reduced for 11-17 days, and in Jack, after subdiaphrag- 
mal vagotomy, the reduction lasted for 40-45 days. The 
difference in the extent of the reduction of the condi- 
tioned reflexes and the times at which they returned 


extirpation of the cortical nuclei 
of the vagus nerves 


eee 


af 


I0 


2g 
3 days elapsed 
between the 25th 
and 26th experiment 


days 


number of drops of saliva 


Fig. 2. Conditioned reflex activity in Sultan be- 
fore and after extirpation of the vagal cortical 
representation. 1) Response to bell; 2) response 
to gastric stimulation; 3) response to intestinal 
stimulation. 
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suggests that removal of the cortical areas in which the 
vagus nerve is represented makes it more difficult to 
establish conditioned reflexes from organs innervated 
by this nerve, The fact that after these areas have been 
removed there was no essential change in a conditioned 
reflex developed in response to intestinal stimulation 
gives reason to suppose that these areas are related par- 
ticularly to the stomach, which is innervated by the 
vagus. The absence of any change in reflexes from the 
intestine may be attributed to their innervation chiefly 
by the splanchnic nerves, whose cortical representation 
was not impaired, 

Thus, removal of the cortical areas where the 
greatest amplitude is recorded from vagal stimulation 
leads to a reduction in the interoceptive gastric reflex , 
which lasts for a time depending on the extent of the 
extirpated portion and its distance from the nucleus. 

At present, we interpret the results of the experi- 
ments on Jack as follows: Subdiaphragmal division of 
the vagus is not an operation which completely destroys 
the afferent gastric innervation mediated by sensory 
vagal fibers. Also, there is no doubt that some sensory 
innervation is supplied by fibers of the splanchnic nerve, 
There was, therefore no complete gastric denervation, 
but only a considerable reduction in the number of af- 
ferent fibers. In our opinion, it was on this account that 
it remained possible to develop a conditioned gastric 
interoceptive reflex, which showed the features which 
we have already described. In view of this , it is alsoun- 
derstandable that after the cortical areas have been ex- 
tirpated, the reflex first disappeared, and then reap- 
peared, but considerably later than in the animals in 
which the gastric afferent innervation was preserved. 


SUMMARY 
The experiments were performed on three dogs. 
The extero- and interoceptive conditioned reflexes were 
studied before and after extirpating the vagal cortical 
areas, The extirpation caused a disturbance of condi- 


tioned reflexes associated with gastric stimulation, but 
had no effect on those which depended on stimulation 
of the intestine, which is innervated by the splanchnic 
nerve, A control operation,in which a portion of a pari- 
etal lobe was extirpated was performed on one of the 
dogs, and caused no changes in the conditioned reflexes 
in which an association was made between stimulation 
of the extero- and interoceptors. Removal of the sen- 
sory vagal cortical centers in dogs in which the stomach 
had been denervated caused a prolonged and fluctuating 
disturbance of the gastric interoceptive reflexes. 
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A great many studies have been made on the influ- 
ence of different parts of the central nervous system on 
cardiac activity. In the last century, Tsior[11],and then 
later, other authors, established that there was a direct 
influence of the spinal cord on cardiac activity and that 
it had no marked influence on arterial pressure. In lab- 
oratory experiments, V. N.Bekhterev [3] showed that 
stimulation of the cervical region of the cord increased 
the heart rate. Recently, several authors [8, 2] have 
shown that when the spinal cord of a frog is divided, 
there is also a change in heart rate. As far back as 1874, 
V. Ya. Danilevskii [5] found a change in heart rate on 
stimulating the brain of a dog. It was shown subse- 
quently [8, 10] that the cortex of subcortical structures 
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exerted a control over the heart. It then became clear 
that a number of different levels of the central nervous 
system were involved in cardiac control. This discovery 
was inline with Pavlov's view of a nervous center as 
distributed at 
different levels in the nervous system, a point to which 


V. V. Frol*kis [10] has recently paid attention. 


representing an association of neurons 


The question of the development of central nervous 
control over the heart in the embryo is particularly in- 
teresting. Very little work has been done on this prob- 
lem. It has, however, been shown [6] that damage to 
the spinal cord in the embryo rabbit reduces the heart 
rate, 
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Fig. 1. No changes occur in the heart rate when the spinal cord in the chick embryos is 
destroyed, a)On the 12th day; b) on the 15th day. Curves,from above downward : EKG; 
time marker (in seconds); the arrow indicates the moment at which the spinal cord was 


destroyed, 





The aim of the present investigation is to determine 
the extent of cardiac control by different sections of the 
nervous system and the times at which they are estab- 
lished in chick embryos; the method used has been to 
eliminate different portions of the nervous system. 


METHOD 

The work was carried out on 62 chick embryos at 
different stages of development. They were kept in an 
incubator at 38° and at a humidity of 50-60%, and were 
cooled daily for 20-25 minutes to room temperature. 
The heart rate was recorded by means of an electro- 
cardiograph. To record the EKG the egg was placed 
in a specially warmed chamber, which was maintained 
at 38°. After dissecting away the embryonic membranes, 
the electrical potentials from the heart were conveyed 
to an amplifier by means of specially prepared elec- 
trodes, and were recorded on paper by a stylus [4]. 

After the normal value of the heart rate had been 
determined, the forebrain, midbrain and medulla were 
removed successively. The spinal cord was destroyed 
by means of a sharpened preparation needle introduced 


Fig. 2. No change in the frequency of 
the contractions after removal of the 
forebrain, midbrain, and medulla in 
an 18 day chick embryo. a) Initial 
frequency of contractions; b) after 
removal of the forebrain; c) after re- 
moval of the midbrain; d) after re- 
moval of the medulla. Curves as in 
Fig. 1. 


into the spinal canal. On the 14th day, the spinal canal 


was sectioned, and the brain removed entirely. During 


all manipulations, care was taken to avoid,as far as pos- 
sible, damage to the yolk circulation. The experiments 
were performed on embryos between 11 and 19 days old. 
In the older embryos, the manipulations stimulated res- 
piratory movements; fluid was then inevitably inspired, 
embryonic movements ceased, and the preparation be- 
came very much less viable. The EKG was recorded 
during the first 3 minutes after the destruction had been 
inflicted, because there were inevitable hemorrhages, 
and later recordings could have given false results. 


RESULTS 

It was found that successive destruction of the whole 
central nervous system caused no noticeable changes in 
the heart rate until the 15th day (Fig. 1). 

On the 15th day, it was possible to observe only a 
very small and transient arrhythmia without any change 
in the rate. On the 16th day, the effect was quite dif- 
ferent. Removal of the forebrain, as a rule, had no effect 
on the heart rate. In some cases, destroying the mid- 
brain on the 18-19th day caused some small change in 
heart rate. Sometimes a considerable but transient ar- 
rhythmia developed after destruction of the medulla. 
However, no constant or well-marked changes in the 
heart rate could be observed; generally, after removal 
of the forebrain or midbrain or medulla there was no 
change in the frequency of the contractions (Fig. 2). 

When the spinal cord was damaged, the results ob- 
tained were very clear-cut, Beginning on the 16th day, 
the effect was a quite marked fall in the heart rate. 
On each subsequent day, the effect was better shown 
(Fig. 3). 

Thus, on the 16-17th day the average reduction in 
rate was 10-30%, but on the 18th day it was 30-50%, 
and on the 19th 14-60%. By the 19th day, in addition 
to a reduction in frequency, there was also a more or 
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Fig. 3. Reduction in the frequency of the contractions of 
the heart following destruction of the spinal cord in chick 
embryos, a) On the 18th day; b) on the 19th day. Curves 
as in Fig. 1. 





less well-marked arrhythmia. No relationship was found 
between the reduction in the heart rate after destruction 
of the spinal cord and its original rate. 

Thus, the results indicate that at a certain stage 
there is a close relationship between the function of the 
spinal cord and heart rate, and at this stage the higher 
nervous centers exert no very definite influence on it. 

V. M. Bekhterev [3] found no change in heart rate 
following stimulation of the cortex in newborn puppies 
during the first month of life. Changes in heart rate 
following stimulation of different parts of the brain in 
chick embryos have been reported. It has been shown 
[1] that in rabbit and dog embryos the vasomotor center 
is situated in the spinal cord, and does not move to the 
medulla until after birth. We may conclude that the 
heart first begins to contract at the stage when it consists 
of a nerveless epithelial tube, and that at this stage the 
nervous system is not involved. At approximately the 
sixth day, nervous elements appear for the first time[13]. 

During development, rudiments of the sympathetic 
nervous system develop as a number of cellular struc- 
tures to the right and left of the aorta and they con- 
nect with the preganglionic fibers representing the axons 
of the sympathetic cells of the lateral horns of the 
spinal cord [7]. It has been shown [9] that in the spina] 
cord and brain, the autonomic centers are the last to be 
formed. For this reason, they are also the last to func- 
tion. In this connection, the report [2] of sympathetic 
influence on the heart during embryogenesis is inter- 
esting. Destruction of the spinal cord in the mammalian 
fetus causes a marked reduction in heart rate through 
the removal of sympathetic control. The results which 
we have obtained indicate that by the 15- 16th day, in 
the chick embryo,control by the spinal cord is estab- 
lished, and appears to be related to the development of 
function in the sympathetic cells of the lateral horns. 
The higher nervous centers exert no definite influence 
on heart rate of the embryo. 


SUMMARY 
In the chick embryo, up to the 16th day, successive 
destruction of the whole central nervous system causes 
no change in heart rate. 


Later on,the destruction of the spinal cord causes a 
reduction in heart rate, but removal of the higher ner- 
vous centers has no definite effect. We conclude that 
at the 16th day the spinal cord begins to influence car- 
diac activity and the effect is due to the maturation of 
sympathetic cells of the lateral gray column. The 
higher nervous centers do not exert any definite influ- 
ence on heart rate in chick embryos. 
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The blood glucose level plays an important part in 
the regulation of appetite [1, 6, 7, 10]. According to the 
"glucostatic” theory [8, 9] hypoglycemia excites the 
glucoreceptor cells of the hypothalamus, which leads to 
stimulation of the appetite. When glucose enters the 
bloodstream, the glucoreceptor cells are inhibited, and 
the desire for food is reduced, Many facts support this 
viewpoint. When glucose is injected into the blood 
stream of dogs, the rhythmical gastric hunger contrac- 
tions are reduced [6], and in man the sensation of hun- 
ger is diminished. However, some authors have been 
able to find no relation between the peripheral blood 
glucose level and the response to food [12]. V. A. 
Tychinin and A. M. Lukaneva [4] consider that insulin 
does not increase, but rather reduces,the drive to obtain 
food. Nevertheless, most investigators attribute regu- 
lation of the activity of the feeding center to variations 
in the blood glucose level. 

Evidently, the effect of the glucose level in the 
blood is conveyed not only to the glucoreceptor cells of 
the hypothalamus ,but also to peripheral sensory endings. 
Quite recently it has been found that removal of the 
carotid bodies in rats causes a marked reduction in ap- 
petite [5]. It is thought that the response of the carotid 
bodies to variations in glucose level is still more impor- 
tant in maintaining the constancy of the internal medi- 
um. V. A. Tychinin [3] and A. I. Karaev [1], using 
acute preparations, have shown that perfusing the sino- 
carotid zone with hyperglycemic solutions causes a re- 
duction in the peripheral blood glucose level. If the re- 
ceptors are perfused with a hypoglycemic solution, there 
is then a marked increase in the blood sugar level. The 
responses so produced are certainly reflex, because they 
are eliminated by treating the receptors with novocain. 
Both the hyper- and hypoglycemia induced by stimu- 
lation of the chemoreceptors of the carotid bodies are 
developed gradually, so that the process may be de- 
scribed as having a considerable inertia. It must, how- 
ever, be noticed that all Tychinin and Karaev's results 
were obtained in acute experiments in which extremely 
high or very lowconcentrations of glucose were used. 
Therefore, the sensitivity of the chemoreceptors of the 


892 


carotid zone to variations in blood sugar and their im- 
portance in the maintenance of a constant blood sugar 
level require to be further tested while the animal is 
in the normal conscious condition. 

The object of the present investigation has been to 
determine in such an animal the part played by the 
carotid bodies in maintaining the blood sugar at a con- 
stant level in face of glucose or insulin injections. 


METHOD 

The work was carried out on 16 male rabbits weigh- 
ing 3,400-4,000 g. In all of them, the blood sugar curve 
was determined after injecting 1 ml per kg of 40% glu- 
cose, and in seven the curve was taken after injecting 
0.03 milliequivalents ofinsulin per kg. Both the insu- 
lin and the glucose were injected into a superficial ear 
vein. After studying the initial response of all the rab- 
bits except two, which were controls, the carotid bodies 
were removed, The operation was performed under bar- 
biturate anesthesia. The approach was made through a 
median incision. The carotid bodies were cauterized 
with a hot needle [2]. 

All the animals recovered uneventfully. Experi- 
ments were resumed 3-5 days after the operation, and 
were continued for 3-4 weeks. The results of the ex- 
periments on the animals in which the carotid bodies 
had been removed were compared with those obtained 
on unoperated animals before the operation. Blood was 
collected from an ear vein before the injection of glu- 
cose and insulin, while the animal was in a fasting con- 
dition, and 10, 30, 60, and 120 minutes after the in- 
jections had beengiven. Sugar was estimated by 
Nelson's arsenomolybdate method [12]. 


RESULTS 
In the nonoperated animals, ten minutes after 

giving the glucose injection, the blood sugar level rose 
to 240-280 mg%, However, the hyperglycemia was not 
long maintained, and as a rule, after 50 minutes, it re- 
turned to the original level, In most experiments, by the 
end of the second hour, the blood sugar level was some- 
what below the starting point, as measured before the 
glucose injection. The experiment was repeated on 





TABLE 1. Glycemic Response to an Intravenous Injection of Glucose in Rabbits after 


Removal of the Carotid Bodies 


Number 
of 


Before or after operation 


injection, 


Before 
Alter 
Before 
After 
| Before 
| After 
| Before 
| After 
iBefore 
| After 
Before 
After 


each animal 3-5 times, and we never noticed any regu- 
lar changes in the blood sugar curve which distinguished 
the repeat injections from the first one. The reason was, 
perhaps, that the experiments took place under conditions 
in which it was not possible for a conditioned reflex to 
glucose injections to be developed. 

It can be seen from Table 1 that removal of the 
carotid bodies caused no regular changes in the blood 
sugar levels obtaining before the glucose injections. In 
some animals, there was some tendency toward an in- 
crease (rabbit no. 1), and in others to a decrease (rabbits 
nos, 2 and 3). 

In most rabbits, the levels before and after the op- 
eration were nearly the same. We found no essential 
differences in the shape of the blood sugar curves of the 
intact and the operated group at considerable times af- 
ter the glucose injection. Thus, 60 minutes after the 
glucose injection, the blood sugar had returned to its 
original level. However, removal of the carotid bodies 
has a marked influence on the initial phase of the re- 
sponse to the increased sugar load, so that at first there 
is a considerable increase in the blood sugar. 


The results obtained were very consistent, and indi- 
cated that the carotid sinuses are not one of the princi- 
pal means of glucose homeostasis, If the receptors of the 
sinocarotid zone consistently exerted a control over 
blood sugar level, then it would be expected that their 
removal would result in a persistent hyper- or hypogly- 
cemia. Despite the interesting observations of V. A. 
Tychinin [4] and A. I. Karaev [1], and other workers, 
which were made on acute preparations, and which give 
reason to suppose that such a control was exerted, we 
have been unable to confirm them under the conditions 
of our own experiments. Evidently, the carotid chemo- 
receptors play only a small part even in mediating such 
comparatively slow processes as the gradual return to 
normal of the blood sugar level after an injection. How- 
ever, their effect is clearly seen in restricting sharp 
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rabbit glucose | | 
| 
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Blood sugar (mg ‘%) . 
Time after glucose injection (in minutes) 


TD 60 


940) 180 90 
319 } 200 147 
935 190 155 
317 215 120 
277 180 136 


305 900 150 
250 -- 177 
295 — 160 
238 — 135 
305 160 107 
938 170 130 105 
322 175 140 105 


fluctuations in the first few minutes after a glucose in- 
jection has been given. 

Both before and after the operation, in all the ex- 
perimental animals, intravenous injection of insulin pro- 
duced a fairly standard reaction, which began after ten 
minutes with some reduction in the blood sugar level= 
though in some of the experiments there was no change 
at this time. The greatest hypoglycemic reaction oc 
curred after 30 minutes. At the end of the first hour, 
the blood sugar was at approximately the same level as 
after 30 minutes, though in most of the experiments it 
was somewhat higher. After 2 hours there was still a 
considerable increase,though it was returning to normal, 
and in none of the experiments had it actually reached 
its original value. The fact that intravenous injection 
of saline caused no noticeable changes in blood sugar 
level showed that the experimental conditions and the 
process of performing the injections did not by themselves 
exert any effect. 

After 4-5 experiments, which enabled the typical 
response of each animal to insulin to be determined, the 
operations were performed, The experiments were re- 
peated 3-5 days after removal of the carotid bodies. 
Just as in the first set of experiments, no definite chan- 
ges in the glucose concentrations were observed in blood 
removed before the insulin injection. This result once 
more demonstrates the fact that the blood sugar level is 
regulated by some other mechanism. 

It can be seen from Table 2 that removal of the 
carotid bodies has practically no effect on the shape of 
the blood sugar curve after definite amounts of insulin 
have been injected. This effect is due both to the ex- 
tent of the hypoglycemia which developed, and to the 
nature of the response to insulin. 

Thus, in experiments in chronic preparations, as 
has been described in detail above, it was not possible 
to detect any influence of the carotid bodies on the hy- 
poglycemic response induced by intravenously injected 
insulin. 





TABLE 2. Glycemic Response to Intra venous Injection of Insulin in Rabbits after 


Removal of Carotid Bodies 


Number 


rabbit Before or after operation 


injection|~ ~ | 
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The primary purpose of the work reported here was 
to determine the part played by the carotid chemo- 
receptors in maintaining the blood sugar level constant. 
Our results differ very definitely from those obtained by 
other authors in acute preparations. 

Actually, the changes in the peripheral blood sugar 
produced by perfusion of the carotid zone with hyper- 
or hypoglycemic solutions were so stable that it was 
thought that signals from the carotid chemoreceptors 
are largely responsible for determining blood sugar 
levels. However, this interpretation is at variance 
with the fact that removal of the carotid bodies in the 
chronic preparation has practically no effect on the 
“spontaneous” blood sugar level. If such changes were 
absent only long after the operation, there might be 
some talk of compensation. However, it seems to us 
most unlikely that any such compensation occurs, be- 
cause by the third day after the operation, the blood 
sugar level was the same as that occurring during the 
preoperative period, Experiments in which the responses 
of animals to intravenous sugar or insulin injections 
were measured both before and after removal of the 
carotid bodies showed that the operation had no effect 
on insulin hypoglycemia or on ary of the changes 
caused by a glucose injection. The observed changes 
occurred only very shortly (10 minutes) after the injec- 
tion. It may therefore be supposed that the carotid 
chemoreceptors which play such an important part in 
maintaining the constancy of the internal medium are 
concerned only to a very restricted extent in controlling 
rapid blood sugar concentration changes. 


SUMMARY 


Experiments on rabbits were performed in chronic 
preparations, in which the glycemic responses to intra- 


____ Blood sugar (in mg) a 
of efore 
insulin 


Time after injecting insulin (in min- 
utes) 


116 
130 
103 
118 
129 
124 62 
149 60 
155 99 
123 69 
84 
60 
94 75 


venous injections of sugar or insulin were measured be- 
fore and after removal of the carotid bodies. It was 
found that the operation influenced neither the degree 
of insulin hypoglycemia nor the response to intravenous 
glucose injections. The only changes observed occurred 
10 minutes after its administration. This result suggests 
that the carotid chemoreceptors,which play an import- 
ant part in maintaining the constancy of the internal 
environment, may also control large sudden changes in 
blood sugar concentration, 
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V. N. Chernigovskii [10, 11] was the first to show 
that variations in pressure in the vessels of the small in- 
testine were accompanied by corresponding changes in 
the rest of the blood system. Increasing the pressure in 
a loop of intestine isolated from the rest of the circula- 
tion caused a fall in the blood pressure. A reduction in 
the pressure of the intestinal vessels produced the re- 
verse reflex change, which suggested that the intestinal 


vessels constituted a reflexogenous zone mediating blood 


pressure changes. 

Recent experiments [7, 8],inwhich mechanoreceptor 
function was studied by increasing the pressure in the 
lumen of an isolated intestinal loop,showed that there 
was an arterial pressor response. These results led to 
the conception of the pressor nature of the response from 
the intestinal mechanoreceptors. The previous depres- 
sor influence from these receptors was now no longer 
discussed. Thus, the different authors attribute different 
significance to the signals developed by stimulation of 
the mechanoreceptors, claiming opposite reflex blood 
pressure changes. However, when considering the con- 
ditions under which the receptors were stimulated by 
V. N. Chernigovskii and later authors, we have noticed 
that in the first case the pressure changes were applied 
to the vascular system of the intestine, and in the se- 
cond,to the intestinal wall, It is possible that as a re- 
sult ,different afferent endings were stimulated. 

It appeared worthwhile to carry out an electrophy- 
siological investigation of potentials developed in the 
nerves of the intestine and mesentery when the intes- 
tinal mechanoreceptors were stimulated in different 
ways, and to compare the nerve impulses with the re- 
flex blood pressure changes induced. We have attempted 
to do so in the work reported here. 


METHOD 
The experiments were carried out on acute prepar- 
ations of cats under urethane anesthesia, while perfusing 


the loop of intestine, which retained only nervous con- 
nection with the rest of the body. We caused variation 
of pressure in the vessels of the intestine in the same way 
as did V. N. Chernigovskii, by lowering and raising a 
vessel containing perfusion fluid, or by increasing or 
decreasing the flow of fiuid to the vessels of the intes- 
tinal loop by means of a Hoffman clamp. In most ex- 
periments, the pressure in the intestinal vessels was in- 
creased by injecting Ringer-Locke solution into them 
through a syringe. The pressure in the isolated intes- 
tinal loop was increased by inserting a glass cannula 
into this section, and connecting it to a closed vessel 
in which a definite air pressure could be established. 
For the direct measurement and graphical recording of 
the changes inintraintestinal pressure, we used a mer- 
cury manometer. The electrical potentials from the 
peripheral ends of the intestinal and mesenteric nerves 
were recorded with a string oscillograph. At the same 


time a record was made of the blood pressure in the 
carotid artery by means of a mercury manometer, The 


method has previously been described in detail else- 
where [2]. In all,we carried out 22 experiments. 


RESULTS 

When recording electrical potentials from the peri- 
pheral ends of the cut nerves of the mesenteric plexus, 
“rapid” impulses are registered which,when the circu- 
latory system is intact,may follow the rhythm of the 
pulse. When the intestine is perfused, these discharges 
either do not occur, or occur continuously without any 
grouping of the impulses. Most authors attribute these 
impulses to excitation of the Pacinian corpuscles [1, 5, 
6, 9, 12, 13, 14]. 

In our experiments, the increased pressure in the 
blood vessels to the intestine caused a small fall in 
arterial pressure and an increased flow of impulses from 
the Pacinian corpuscles. A reduction in pressure in the 
intestinal vessels caused a pressor response, and a re- 
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duced number of impulses. This result led us to pro- 
pose that impulses from the Pacinian corpuscles had a 
depressor function [4]. However, the arterial pressure 
changes are extremely small, particularly when the 
pressure is reduced. The effect can only be observed 
under certain conditions. It may occur in a fresh pre- 
paration when the receptors have a high excitability, 
and when the blood pressure is high. When perfusion is 
continued for a considerable time, reflex blood pressure 
changes developing in response to variations of blood 
pressure in the intestinal vascular system become re- 
duced and disappear, and a depressor response may 
change into a weak pressor reaction. Evidently, this 
change results from an alteration in the condition of 
the receptors. An important condition of a development 
of definite blood pressure changes is that the change in 


the pressure of the intestinal vessels should be sharp. 
The depressor responses illustrated in Fig. 1a were 


obtained either by rapidly injecting Ringer-Locke solu- 


tion into the intestinal vessels (traces 1, 2, 3, 5) or by 
sharply increasing the flow of perfusion fluid by un- 
screwing the Hoffman clamp (traces 4, 6). However, 
even when optimal conditions were arranged, it was only 
occasionally that such extreme depressor responses as are 
illustrated in traces 5 and 6 (see Fig. 1a) were obtained. 
A powerful burst of impulses from the Pacinian corpus- 
cles preceded thedepressor responses (Fig. 1b). 

In this case there was no spontaneous discharge, and 
impulses were not produced until the Ringer-Locke solu- 
tion was injected into the intestinal vessels. When the 
pressure in these vessels was lowered, and the supply of 
perfusion fluid thereby reduced, there was usually a 
small but definite increase in the blood pressure (Fig. 
2a) and a reduction in the discharge from the Pacinian 
corpuscles (Fig. 2b). 

On increasing the pressure in the lumen of the iso- 
lated links of intestine by inflation, a small rise in blood 
pressure was recorded (Fig. 3a), Besides some increase 


Fig. 1. Reflex changes in the arterial pressure (a) and afferent impulses in the mesenteric 
nerve (b) caused by increasing the pressure in the intestinal vessels, Curves, from above 
downward: On the kymogram—blood pressure in the carotid artery; stimulus marker (1 and 
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2 indicate the injection into the intestinal vessels of 1 ml of Ringer- Locke solution from 


a syringe; 3 and 5 indicate a similar injection of 5 ml; 4 and 6 show the increased flow 
of perfusion fluid caused by slackening the Hoffman clamp); perfusion rate indicator; 
time marker (5 seconds); on the oscillogram —electrical activity of the mesenteric 
nerve; stimulus marker (injection of 1 ml of Ringer-Locke solution into the vessels from 


a syringe); time marker (0.02 second), 
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Fig. 2. Reflex changes in arterial pressure (a) and in the afferent impulses from 
the mesenteric plexus (b) following reduction of the pressure in the intestinal 
vessels, Curves, from above downward: On the kymogram ~ blood pressure in the 
carotid artery; respiration; trace showing time at which perfusion pressure is re- 
duced; time marker (5 seconds); on the oscillogram~ initial electrical activity 
in the mesenteric nerve; activity after reducing the perfusion pressure; time 


marker (0,02 second ), 





in the discharge from the Pacinian corpuscles, slow po- 
tentials also developed (Fig. 3b); in our experiments 
they were of quite small amplitude, because they were 
picked up from comparatively large nerve trunks of the 
mesenteric plexus, where there is a considerable shunt- 
ing effect. A more detailed description of these im- 
pulses , which, like authors [5, 6],we refer to as “slow*® 
is given by O. N. Zamyatina [6] and by us [2,3, 4]. 
Thus, when the intestinal receptors are stimulated 
mechanically, there is no doubt that different afferent 


endings are stimulated, Pressure variations in the intes- 
tinal vessels cause,in all cases,a change in the discharge 
from the Pacinian corpuscles. On increasing the pres- 
sure in the lumen of the intestine (by inflation), at first 
the sensory apparatus in the intestinal wall itself is sti- 
mulated, and as a result the “slow” impulses are formed. 
Other workers have previously observed similar poten- 
tials in applying strong mechanical stimulation to the 
intestinal wall [4, 6, 12, 14]. However, under these con- 
ditions there is some increase in the discharge from the 


Fig. 3. Reflex changes in arterial pressure (a) and in the afferent impulses from the mesenteric 
nerve (b) on stretching the intestinal wall by inflation, Curves, from above downward: On the 
kymogram— blood pressure in the carotid artery; moment of excitation (increasing the pressure 
in the lumen of the intestine); respiration; time markers: for a) 5 seconds, for b) 0,2 second. 





Pacinian corpuscles, because inflation causes some 
mechanical deformation associated with the displace- 
ment of the mesentery. 

Despite the well-established relationship between 
the Pacinian corpuscles and the blood circulation [1, 5, 
6, 9, 13], very little work has been done to determine 
the significance of these impulses in controlling it. 
Gammon ard Bronk [13] were not able to observe any 
variation in pressure in the greater circulation in re- 
sponse to perfusion pressure variation in the mesenteric 
artery, Our results enable us to assert definitely that 
the large sharp increase in the pressure of the messen- 
teric and intestinal vessels causes an increased discharge 
from the Pacinian corpuscles and a depressor response of 
the general circulation; on the other hand, decreasing 
the pressure jin the intestinal vessels reduces Pacinian 
corpuscie activity and leads to an increase in arterial 
pressure, 

Depressor response which develops on inflating the 
intestine nevertheless brings about some increase in the 
discharge from the Pacinian corpuscles, This is evi- 
dently due to the fact that the “slow” potentials which 
develop from the receptors of the intestinal wall have 
a stronger influence on the vasomotor center, and so 
cause an increase in blood pressure, We have previously 
demonstrated the relationship between the pressor arter- 
ial responses and the "slow” potentials induced by the 
action of chemical stimuli on the intestinal receptors 
(2, 4]. O.N, Zamyatina [6] demonstrated an increased 
rate of discharge from the receptors of the intestinal 
wall when there was an increased rate of digestion. 
From our results, it would appear that under these condi- 
tions the “slow” impulses cause an increase in arterial] 
pressure and some redistribution in the tone of the peri- 
pheral vessels, and so bring about the normal hyperemia 
of the intestine. However, under the circumstances de- 
scribed [6], there is also an increased discharge from 
the Pacinian corpuscles, and therefore O, N. Zamyatina 
attributes the pressor influence from the intestine to an 
increase in the "rapid" impulses, Our results have led 
us to the opposite conclusion, and we think that im- 
pulses from the Pacinian corpuscles reduce the pressor 
response induced by the “slow” impulses, and operate 
together with other buffer zones in bringing about a re- 
turn to norma! of the increased blood pressure, It is 
probable, therefore, that the intestine is both a pressor 
and a depressor zone, and that the nature of the response 
to increasing the pressure in it depends both on the level 
of activity of the Pacinian corpuscles, and on the relative 
discharges of the “rapid” and “slow” impulses from the 
receptors of the intestinal wall, 

Possibly some such conception may enable us to 
understand why dilatation of the duodenal! wall, which 
contains such a large number of Pacinian corpuscles,so 
seldom causes pressor responses to occur; usually, there 
are either no changes, or else there is a fall in blood 


pressure, Atthe presenttime we are further investigating 
the ideas which have been proposed here. 


SUMMARY 
An increased pressure in the intestinal vessels 

causes an increased discharge from the Pacinian corpus- 
cles and reduces systemic arterial blood pressure, A 
decrease of pressure in the intestinal vessels reduces the 
discharge rates from the Pacinian corpuscles and causes 
a rise of blood pressure, Stretching the intestinal wall 
stimulates the receptors enclosed in it and increases 
arterial blood pressure, The relationship between intes- 
tinal stimulation and blood pressure depends on the in- 
teraction between the discharges from the Pacinian cor- 
puscles and from the receptors of the intestinal wall. 
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The work of the stomach is not limited to digestion. 
Besides secreting, absorbing, and contracting, it also ex- 
cretes, Though many investigations of gastric excretion 
have been carried out [2, 4, 7, 8, 11, 12, 13 and others], 
the controlling mechanism has never been determined. 
A reduction in the excretion of neutral red by a Pavlov 
pouch was observed by R. O. Faitel'berg [14] after sec- 
tion of the left vagus in dogs, and by P. I. Zherebtsov 
[3] after bilateral vagotomy in rabbits. L. R. Nisevich 
[10] found that a Heidenhain pouch excreted less urea 
than did a Pavlov pouch, and E, A. Brodskaya [1] found 
an increased concentration of urea and creatinin in dogs 
in whom cystitis had been induced experimentally, and 
a reduced rate of secretion of neutral red from a Heid- 
enhain pouch. 

We have attempted to study various aspects of the 


regulation of gastric excretion before and after vagotomy. 


METHOD 

Gastric excretion was studied in 2 dogs having a 
Basov gastric fistula, by means of chromoscopy. Intra- 
muscular injections of 4 ml (40 mg) of an aqueous solu- 
tion of neutral red were given. Vagotomy was performed 
after the control experiments. The vagi were sectioned 
at two levels using I. P. Pavlov's method: the right 
vago-sympathetic trunk was sectioned in the thoracic 
cavity, leaving undamaged the branches to the heart and 
the recurrent laryngeal nerve, and the left trunk was di- 
vided in the neck 6-7 days later. 

The animals survived section of the right vagus 
without any aftereffects. Recovery was less successful 
after section of the vagus on the opposite side, and res- 
piration was markedly slowed; in the dog Al'ma, it fell 
from 18-20 to 10-12 per minute, and in Faithful from 
22 to 12 per minute. The pulse rate was raised so high 
(to 200-230 beats per minute) that it was difficult to 
count. However, by the second day it had slowed down 
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to 130-150, and by the day after, to 100-110 beats per 
minute — i.e., it had nearly returned to its original 
level. The respiration remained unchanged at 8-10 per 
minute, The temperature measured in the rectum was 
normal, but the animal did not tolerate temperature 
changes well, particularly low temperatures. 

A special diet was given, because vagotomy may 
cause death through poisoning by food decay products. 
On the diet supplied, they remained in a satisfactory 
condition throughout the experiment. 


RESULTS 

Section of one vagus had no effect on the excretion 
of neutral red into the stomach. In the first two days 
after bilateral vagal section there was marked increase 
in excretion, as shown by a raised concentration of the 
dye and a longer excretory period (paralytic stage). 

The results of all our experiments were in agree- 
ment, and we will therefore report the separate obser- 
vations. In the dog Al'ma, while the vagi were intact, 
it was shown that when the dye was injected, it appeared 
in the pouch contents after 10-20 minutes; the maximal 
concentration was 2 mg%, and it was excreted for 3 
hours 30 minutes. During this time the average amount 
excreted was from 280to 340 y of the dye. On the sec- 
ond day after vagotomy, the same amount of neutral red 
was excreted,beginning at the tenth minute, and its con- 
centration increased to 4 mg; the excretion lasted 
5 hours. During this period , twice as much dye (676 y) 
was excreted as before the vagotomy, and almost 13 
times as much gastric juice was secreted (Fig. 1). 

In the second dog, Faithful, before vagotomy, the 
injected neutral red,as a rule appeared after 10 minutes; 
the maximum concentration was reached in 45-60 min- 
utes, after which it was gradually reduced. Excretion 
continued,on average, for 4 hours 15 minutes. During 
this time from 320 to 360 y of the dye were excreted. 
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Fig. 1. Effect of bilateral vagotomy on 
the excretion of neutral red into the 
stomach (1 day after vagal section). Dog: 
Al'ma, a) Concentration of neutral red 
(in mg%); b) amount of dye excreted 

(in y ); c) amount of gastric juice (in ml); 
1) before section; 2) after section. The 
arrow indicates the injection of 40 mg 

of neutral red. 


On the second day after vagotomy, 704y of dye were 
excreted,and 43.5 ml of gastric juice secreted, repre- 
senting an approximately twofold increase in both 
amounts, Subsequently, there was a marked depression 
of excretion. In most of the experiments the dye did 
not appear until 30-45 minutes after the injection, and 
in some cases the delay was as long as 1}-2 hours. In 
all the experiments there was a marked reduction in the 
concentration of the dye, whose maximal concentration 
did not exceed 1.2 mg%, while the period of excretion 
was lengthened up to one hour, and in some experiments, 
up to 1} hours or more. 

In experiments on Al'ma, on the fourth day after 
vagotomy, the dye did not appear in the gastric juice 
until 40 minutes after it had been injected; after 1 hour 
and 25 minutes the maximum concentration of 1 mg% 


was reached. Excretion continued for 4 hours 45 minutes. 
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Fig. 2. Effect of bilateral vagotomy on the 
excretion of neutral red into the stomach 
(on the 6th day after vagal section). Dog: 
Faithful. a) Concentration of neutral red 
(in mg); b) amount of dye excreted (in y ); 
c) amount of gastric juice (in m1); 1) before 
section; 2) after section. The arrow 
indicates the injection of 40 mg of neutral 
red, 


During this time, only 108y of dye were excreted into 
16.5 ml of gastric juice, and by the 12th day, the 
amount had fallen to 97 y. 

Similar results with small variations were obtained 
on Faithful. We were able to observe gastric excretion 
for two months after the vagotomy. On different experi- 
mental days, there waa considerable delay in the ap- 
pearance of the dye, and the latent period increased up 
to 20-45 minutes or more; its concentration did not 
exceed 1,2 mg%, and the excretory period lasted up to 
5 hours 30 minutes (Fig. 2). 

We will give the results of the experiments which 
were the most representative. For instance, on the 14th 
day after vagotomy, no dye appeared for 1} hours; sub- 
sequently, the gastric contents were stained a pale pink, 
but the concentration was so low that it was not possible 
to obtain a reading on the colorimeter. The same con- 
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centration remained during the whole period of obser- 
vation, for 5 hours 30 minutes, During this time about 
16 ml of gastric juice was secreted. 

Similar results were obtained on the 18th day. The 
dye then appeared after two hours, but was not present 
in every sample collected subsequently at 15 minute 
intervals; the concentration was very low. The liber- 
ation of the dye continued for 5 hours 45 minutes, In 
the remaining experiments, the amount of dye excreted 
on different days varied from 70 to 130 y. 


In some experiments, during the period when the 
dye concentration in the gastric contents was becoming 
reduced, some broth was introduced into the stomach 
through the fistula. Pavlov showed that the broth acts 
as a chemical stimulant, increasing the work of the 
gastric glands. Despite the increased gastric secretion, 
the concentration of dye in the juice was no greater 
than in the other experiments. 

Thus our observations showed that in dogs, after 
section of both vagi there is a severe impairment of 
gastric excretion. We may conclude that, as judged by 
the excretion of dye, gastric excretory function is de- 
pressed, 


There was no return of gastric excretion during the 
whole two month period of investigation. Besides the 
phenomena described ,there was also a considerable 
depression of gastric secretion, but that does not mean 
that excretion is subordinate to secretion. The fact that 
the two functions alter in the same direction may indi - 
cate a common nervous control. 

The facts described above evidently cannot be ex- 
plained in terms of the condition of the gastric glands 
themselves, though the effects may be due to morpho- 
logical changes in the gastric mucosa. The theory that 
seems to us most plausible is thatafter vagal section 
considerable changes occur in the gastric mucosa and its 
innervation. 

In studying the intramural nervous plexus of the 
stomach, after sectioning both vagi in the neck, we found 
various pathological conditions both in the ganglion 
cells and their outgrowths, as well as in the nerve fibers. 
The most definite changes occurred two weeks after the 
operation. The dependence on nervous control of vari- 


ous gastric functions, including excretion ,is a clear ex- 
ample of the unity of the physiological processes. 


SUMMARY 

Gastric éxcretion was studied in two vagotomized 
dogs in which a Basov gastric fistula had been estab- 
lished. The animals received 4 ml of a 1% aqueous 
solution of neutralred, The excretion of the dye was 
not affected by cutting the vagus on one side. When 
both vagus nerves were divided, there was a marked 
reduction in excretion. No recovery occurred during 
the whole two month period of investigation. It is 
concluded that gastric excretion is under nervous con- 
trol. 
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The enzymatic theory of nerve conduction is based 
on extensive experimental evidence [10], According to 
this theory, excitation is associated with the liberation 
of chemically active substances, and, in particular, of the 
mediator acetylcholine. The action of acetylcholine is 
limited by its destruction by the enzyme cholinesterase 
(16, 19, 20, 21]. Equally numerous reports have pointed 
out the important part played by the ions of calcium and 
potassium in the excitatory process [1, 2, 5, 18]. 

A, V. Kibyakov and his co-workers have shown that 
the pancreas plays an important part in regulating para- 
sympathetic function, Partial extirpation of the par 
creas leads to autonomic disturbances, and affects the 
participation of acetylcholine in nervous conduction [6- 
9, 11, 13]. We have previously demonstrated quantita 
tive changes in the amounts of acetylcholine and in the 
activity of cholinesterase in the blood in this condition. 

In the present work we have studied the relation- 
ship of the acetylcholine-cholinesterase system to the 
blood calcium and potassium in normal and in subtotally 
pancreatectomized animals, 


METHOD 

The experiments were carried out on chronic pre- 
parations of four dogs — Charka, Piratka, Pulek and Arma, 
Blood for analysis was collected from the saphenious vein, 
Acetylcholine was determined using the isolated frog lung 
and our modification [14] of Corsten's method [17]; 
cholinesterase was titrated using the method described by 
T. V. Pravdich-Neminskaya [12], and potassium and 
calcium were measured using the manganese method 
[3]. In each dog, for a month before the operation, 8- 
10 determinations were made of acetylcholine, cholin- 
esterase activity and potassium and calcium, Then, 
two-thirds of the pancreas was removed from three of 
the animals (Piratka, Pulek, and Arma), and both ducts 
were tied off in order to prevent the formation of acetyl- 
choline, One of the dogs (Arma) received daily injec- 


tions of 0.5 ml of 1; 10 acetylcholine. The experi- 
ments were performed while the animals were in a fast- 
ing condition, 


RESULTS 

The results obtained confirmed our previous con- 
clusions about the changes in the amount of acetylcho- 
line and in the activity of cholinesterase in the blood 
after pancreatectomy. We will report the case of the 
dog Piratka. Before operation, the blood acetylcholine 
was 2-107", and the cholinesterase activity varied be- 
tween 8.38 and 24.57%, After operation, measurements 
were made from the fifth day onwards; on the fifth day, 
the acetylcholine concentration was 2-107, on the sixth 
day it was 21079, and on the seventh, 2-107, Subse - 
quently the amount gradually increased, and by the 19th 
day it was 2°107*, Cholinesterase activity was measured 
at the same time as the acetylcholine determinations 
were made, It was found that the two quantities changed 
together; on the fifth day cholinasterase activity fell to 
12.38%, on the sixth,to 10.92%, and on the seventh, to 
7.28%, Subsequently it gradually rose, reaching 28.67% 
on the 19th day. 

Before operation, the amount of potassium varied 
between 31,24 and 62.84 mg%, After the operation 
(from the seventh to the 19th day), it varied between 
25.63 and 52,11 mg%, The low values occurred on the 
10th, 15th, and 19th days, It can be seen, therefore that 
potassium was maintained at a somewhat lower level 
than that obtaining before operation, However, the 
fluctuations in potassium concentration did not runparal- 
lel to those of acetylcholine or cholinesterase, Also, on 
the 19th day after the operation, during the period when 
amounts of acetylcholine and cholinasterase activity 
were recovering, potassium concentration was still low. 

The calcium content of the unoperated dogs was 
16-31 mg, After operation it was raised, and varied 
between 24 and 45.4 mg%, It must be noted that the 
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greatest increase in calcium concentration occurred on 
the sixth day, that ison the day when there was a con- 
siderable reduction in the acetylcholine and cholinester- 
ase activities, The results of the experiments on Piratka 
are shown in Fig. 1. 

The results obtained in the experiments on the sec- 
ond dog .Pulek,showed certain special features, The mini- 
mum value of acetylcholine was reached later, on the 
23rd day. Recovery to the original level was effected by 
the 50th day. Frequently, an adrenergic effect was ob- 
served, There was a marked reduction in the cholinester- 
ase activity, which reached a minimum on the seventh 
day, and remained at a value less than normal until the 
71st day. In this dog there was no parallelism between 
the changes in acetylcholine and cholinesterase activ- 
ities, 
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Before operation 


In Pulek, the changes in the acetylcholine-cholin- 
esterase system just described were associated with 
changes in the electrolytes, Before the operation, the 
potassium content of the blood was 22,65-30.81 mg%, 
and afterward it was higher and varied between 27.26 
and 47,72 mg%, The greatest concentration was reached 
on the sixth day after the operation. Before the oper- 
ation, the calcium level was 31,.6-32.4 mg, and in the 
first few days after the operation it was reduced, reach- 
ing 26.2 mg% on the seventh day. Subsequently the level] 
rose once more, reaching 44 mg% on the ninth day and 
35 mg% on the 23rd day. By the 50th day it had fallen 
to 21 mg%, but on the 71st day the concentration was 
33 mg%, Thus, on days when the acetylcholine concen- 
tration was low, the calcium content was high, The re- 
sults of these experiments are shown in Fig. 2. 


After operation 
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Fig. 1. Blood changes in Piratka after removing 2/3 of the 


pancreas, and after tying off both ducts, 1) acetylcholine 
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effect. 
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Fig. 2, Blood changes in Pulek after removing 2 
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3 of the pan- 


creas,and tying off both ducts. Indications as in Fig. 1. 
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Fig. 3. Blood changes in the dog Arma after removing 2/3 
of the pancreas, and tying off both ducts. Indications as in 
Fig. 1; a"+" indicates compensation by acetylcholine. 


The different course of the postoperational changes 
of the factors measured was probably due to the animals 
having different types of nervous activity. The dog 
Piratka reacted much less forcefully to external stimuli, 
whereas Pulek was highly excitable. 

The third dog, Arma, who in behavior resembled 
Piratka, was given acetylcholine daily from the fourth to 
the ninth day for the purpose of compensating the auto- 
nomic changes induced by pancreatectomy. The results 
of the experiments on this dog are shown in Fig. 3. In 
the first days after the operation, there was only a small 
reduction in the acetylcholine blood concentration. By 
the 1ith day, the acetylcholine was completelyrestored, 
Subsequently, no further acetylcholine injections were 
given, and its concentration in the blood again fell. 
Cholinesterase activity measurements showed it to be 
low only on the sixth day after the operation, and on 
other days, in most of the experiments, it varied between 
normal limits. 


As a rule, no marked differences in potassium con- 
centration, as compared with the preoperative period, 
were recorded, and only on the eighth day was any in- 
crease in concentration observed, No appreciable vari- 
ation from the norm was discovered in the amount of cal 
cium, 

It can be seen, therefore, that partial pancreatectomy 
causes marked changes in blood acetylcholine and a con- 
siderable reduction in cholinesterase activity. There is 
also a reduction in the amount of potassium, However, 
the change in the amount of potassium is not so great, 
and is more variable. The amount of calcium remains 
comparatively constant, though, as a rule, it was some - 
what increased, Compensatory injections may restore 
the level of acetylcholine and bring about a rapid return 
to normal of cholinesterase activity,as well as of potas- 
sium and calcium levels, 


The results obtained show that the extent of the 
functional autonomic disturbance induced by pancrea- 
tectomy is determined by the change in the amount of 
the nervous-conduction mediator acetylcholine liberated, 
and by the extent to which it is destroyed by the enzyme 
cholinesterase, and that the changes are accompanied by 
variation in the blood potassium and calcium levels. 


SUMMARY 

The acetylcholine and cholinesterase levels, and the 
amounts of potassium and calcium in the blood were 
studied in chronic experiments on dogs, It was found 
that partial removal of the pancreas and the ligation of 
its ducts caused a considerable reduction in both acetyl- 
choline and cholinesterase activities, Blood calcium was 
increased, and the amount of potassium differed in dif- 
ferent animals, 
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Porter [9]showed that for warm-blooded animals 
hemisection of the spinal cord between C1 and C2 causes 
an ipsilateral paralysis of thoracic and diaphragma] breath - 
ing. He also showed that section of the contralateral 
phrenic nerve will restore the respiratory movements of 
the paralyzed half of the diaphragm, Porter's results were 
confirmed and extended by E. A, Asratyan [1], whofound 
that after hemisection of the cord between C2 and C3, 
the respiratory movements of the ribs on the operated 
side were restored, 

Observations have also been made on 
the respiration following damage to the cord in man [4, 
6, and others]. B, Ya. Peskov showed that it was possible 
to restore respiratory movements on the same side as the 
damage to the spinal cord, 

The present article reports a study of experiments 


changes in 


on cats, 
METHOD 

The animals were anesthetized with 0,8-1 g ure- 
than per kg, the spinal cord was exposed, and a longitudi- 
nal incision was made for a length of 2-3 centimeters, 
and 1-15 hours later a transverse cut was made at the 
level of C3-C4 on the right side (2-4 segments below 
the section made by Porter, and 1-2 segments lower than 
that of £, A, Asratyan). We used this modification cf 
the experiment, in order to obtain evidence which would 
explain the changes in the respiratory movements and the 
possibility of their restoration. Our second object was 
to study the effect of afferent impulses on the respira- 
tory changes induced, For this purpose we sectioned the 
vagus nerve, and stimulated its central end by an induc- 
tion coil. We also studied the effect of stimulating the 
femoral neryes, and of injecting 0.3 ml per kg of 0.1% 
solution of lobeline. The respiratory movements were 
recorded by the standard method of our laboratory [8]. 
As a rule, simultaneous records were made of the thor- 
acic and diaphragmal respiratory movements of the right 
and left sides separately. Normal respiration was re- 
corded before the operation, and subsequently after 
longitudinal cervical incision of the cord, hemisection, 


division and stimulation of the vagi and femoral nerves, 
and after injecting lobeline, In all, 28 experiments were 
performed, 


RESULTS 

In the great majority of the animals, before the op- 
eration ,the respiratory movements on both sides of the 
thorax were synchronized and symmetrical, During the 
time when the longitudinal incision was being made, 
and during the transverse section in the cervical region, 
respiration became considerably deeper and more fre- 
quent, probably as a result of strong stimulation (only in 
two experiments did the respiration become variable or 
reduced in depth), There were also changes in the tone 
of the respiratory musculature, which was either reduced 
or increased, These changes lasted for 15-90 seconds, 
and occasionally for 4-44 minutes, Subsequently, in 
many of the animals,normal respiration was restored, In 
six experiments, after making the longitudinal incision 
in the cervical cord, a marked asymmetry in the depth 
of respiration occurred; in four experiments there was 
an increase in the amplitude of the thoracic and abdom- 
inal respiration on the right side, and in two on the left. 
From these results it appears that the decussation of the 
fibers varies from one animal to another, because the 
asymmetrical breathing indicates changes in the flow of 
impulses caused by interruption of the pathways. 

After hemisection of the cervical cord, either im- 
mediately,or after a time interval of from ten seconds 
to four minutes, an asymmetry in the breathing move- 
ments developed, In three experiments there was a re- 
duction in the depth of thoracic and abdominal breath- 
ing on the operated side, and in the remainder it was 
only the ipsilateral thoracic breathing which was affect- 
ed, Consequently, hemisection of the cord between C3 
and C4 caused a reduction, but not a cessation, of ipsi- 
lateral thoracic respiratory movements, It follows, 


* Reported in December 1958 at the Conference of Young 
Scientific Workers of the Kuibyshevskii Medical Institute. 
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then, that there is considerable decussation in the cord of 
fibers carrying impulses from the respiratory center to 
the spinal centers of the respiratory muscles, This de- 
cussation is not confined to the upper three segments, 
but continues in lower segments, 

Our results agree completely with the anatomical 
studies of V, M, Bekhterev [2] and P, P, D* yakonov [3], 
who demonstrated a marked decussation of the afferent 
pathways, In the four experiments in which the trans- 
verse section of the cord was made over two-thirds of 
its extent or more, apnoea occured in all parts of the 
thorax, Thus, the apnoea may be caused not only by 
damage to the pons, as was shown by Lumsden [10] and 
others, but also by destruction of other parts of the cen- 
tral nervous system, including the cord, It is quite pos- 
sible that changes in the conduction of impulses along 
spinal pathways are the cause of this type of respiration 
(7, 5). 

After sectioning the spinal cord as described, divid- 
ing either the left or right vagus had no appreciable ef- 
fect on the respiration, When both vagi were divided, 
both thoracic and abdominal respiration became in- 
creased to approximately the same extent; in two ex- 
periments there was a great increase in amplitude on 
the operated side,and in one experiment the increase 
was on the contralateral side, 

In 25 out of the 28 experiments, stimulation of the 
vagi after performing the longitudinal incision caused 
an equal increase in the respiratory movements on both 
sides of the thorax, and only in three experiments was 


Fig. 1. Increased respiratory movements on 
the right side of the cat's thorax during stimu- 
lation of the left vagus nerve following hemi- 
section of the spinal cord between C3 andC4, 
Curves, from above downward: 
piration on theright side; thoracic respiration 
on left side; abdominal respiration on the 
right; abdominal respiration on the left; stim- 
ulus marker; time marker (in seconds). 


thoracic res- 


there any asymmetry of the movements during the stim- 
ulation, In 11 experiments, stimulation applied to the 
vagi after hemisection produced about the same changes 
in respiratory movements on both sides of the thorax 
(Fig. 1). In 9 experiments, the respiration on the oper- 
ated side showed either no change or very little alter- 
ation, while on the unoperated side there were marked 
changes which took many forms, In 8 experiments, on 
the other hand, more marked changes in the depth and 
frequency of respiration on the ipsilateral side occurred, 
and as a result, there was less asymmetry after right 
hemisection, In one experiment when the right side of 
the cord was divided between C3 and C4, stimulation 
applied to the vagi caused inhibition of all respiratory 
movement; when the stimulation was withdrawn, the 
asymmetry in the thoracic breathing was less marked. 
Changes of abdominal respiration on the right and left 
sides caused by stimulating the vagi werealways sym- 
metrical and synchronized, 

The results obtained, therefore,show that afferent 
impulses from the vagi cause profound changes in res- 
piratory movements and may facilitate the passage of 
respiratory impulses into the cord along crossed path- 
ways, inthis manner leading toa restoration of res- 
piration on the half of the thorax whose muscles have 
been paralyzed through the hemisection. 

Having demonstrated the influence of vagal stimu- 
lation transmitted through the crossed spinal tracts, we 
decided to determine whether similar effects may be 
mediated by the femoral nerves. We found that stimu- 
lation of the right and left femoral nerves had approxi- 
mately the same effect as the vagal stimulation in 
causing recovery of respiration on the operated side. It 
appears therefore,that the vagus is not the only principal 
afferent pathway concerned in respiration, but that af- 
ferent impulses from the femoral nerve exert various in- 
fluences on the respiratory center, and facilitate the 
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Fig. 2. Respiratory movements in the cat after right hemi- 
section of the spinal cord between C3 and C4 and bilateral 
vagotomy. a) Before injecting lobeline; b) after inject- 
ing lobeline, Curves as in Fig. 1. 





transmission of impulses along crossed pathways from the 
cerebral to the spinal respiratory centers. 

Injection of lobeline facilitates the restoration of 
respiration on the hemisected side. It usually causes 
some increase in depth and frequency of both kinds of 
respiratory movements, including those on the operated 
side; as a result there is a definite recovery of respir- 
ation on the operated side. In experiments carried out 
on January 26-27, 1959, after spinal hemisection and 
bilateral vagotomy, the respiratory movements showed 
more or less prolonged pauses at the limit of inspiration, 
In these cases, also, injection of lobeline caused an in- 
creased depth of all respiratory movements (Fig. 2). 

Thus, in all experiments right hemisection of the 
cord between C3 and C4 caused a reduction, but not a 
cessation ,of respiratory movements on the same side, 
Stimulation of the vagi or femoral nerves,or lobeline 
injections, following hemisection facilitated breathing 
on the operated side. The results indicate that in the 
cat there is considerable decussation of the fibers des- 
cending in the cord from the brain and passing to the 
spinal centers of the respiratory muscles, 


SUMMARY 

Respiratory changes following transverse and longi- 
tudinal section of the spinal cord were studied on 28 
cats under urethan anesthesia. The cord was divided 
transversely at the lower end of a longitudinal incision, 
between the 3rd and 4th cervicalsegments on the right 
side. Longitudinal division sometimes caused an un- 
equal depth of respiration on the two sides, In all ex- 
periments, hemisection of the cord caused only a re- 
duction of respiratory movements on the same side, The 


afferent impulses from the vagus and femoral nerves and 
lobeline injections tended to restore breathing on the 
operated side, The results obtained show that there is 

a considerable decussation of the spinal fibers conveying 
impulses from the respiratory center inthe brain to the 


spinal centers of the respiratory muscles. 
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Gaseous exchange through the intestinal wall is in- 
teresting both theoretically and practically. Even at the 
beginning of the last century it was shown that oxygen 
introduced into the intestine is rapidly absorbed [4, 8, 
13, and others]. Later it was found that there is then an 
increased saturation of blood in the portal vein [10] and 
aorta. Because of the plentiful blood supply to the intes- 
tine and the large absorptive surface of the intestinal mu- 
cosa, A. Ylppé and co-workers [14, 1] successfully intro- 
duced oxygen through the esophagus into the intestine of 
infants born in an asphyxiated condition. As would be 
expected, oxygen introduced into the gastrointestinal 
tract may be used in various conditions associated with 
an inadequate oxygen supply to the liver [10]. 

The conditions of gaseous exchange between the 
blood and the cavity of the intestine have not been suf- 
ficiently studied. Long ago,A. Boycott [4] and E, Mclver 
and his co-workers [8] showed that shortly after introduc- 
ing a mixture of gases into the intestine, the oxygen con- 
centration is quite low. 

They supposed that under the influence of diffusion, 
the oxygen in the intestine comes into equilibrium with 
that in the blood; however, no comparative measure- 
ments were made of the gaseous content of the venous 
blood from the intestine. Evidently, further study is re- 
quired, and is reported in the present article. 


METHOD 

The experiments were carried out on rabbits and 
cats. A laparotomy was performed under anesthesia in- 
duced by 4 ml per kg of 2.5%thiopental sodium in- 
jected intravenously. A loop of small intestine was re- 
moved from the abdominal cavity, and an incision was 
made in the wall, which was then carefully washed with 
warm Ringer's solution. The wall was then isolated from 
the rest of the intestine by special tourniquets, and 60- 
40 ml of air or nitrogen was then injected into the in- 
testine through a needle under a pressure not greater 
than 2-5 cm of water. The intestine was then returned 
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into the cavity, and the wound closed by clips. The 
body temperature was maintained at 35-36°, 

In order to obtain a sample of gas, a certain time 
later, a portion of the intestinal loop was removed from 
the cavity and pierced by a thin injection needle con- 
nected by flexible rubber tubing to a Haldane blood gas 
apparatus where the analysis was made. Blood for analy- 
sis was taken from a mesenteric vein of the portion of 
intestine investigated, Blood gas analysis was made on a 
van Slyke apparatus. The size of the blood sample was 
0.2 ml. Analyses were also made of alveolar air ob- 
tained through a tracheal cannula connected by a thin 
rubber tube to the Haldane apparatus. Alveolar air was 
sucked into the apparatus by rapidly lowering the mer- 
cury reservoir at the end of an inspiration, In all, 30 
rabbits and 4 cats were used. 


RESULTS 

One hour after injecting air into the intestine, the 
amount of CO, in the lumen was 5-7.9/, and was ap- 
proximately equal to the CO, concentration in the alve- 
olar air (Table 1). 

Only a very small amount of oxygen remained in 
the intestine. Two to four hours after injecting air into 
the intestine, only 0.5-2.3/ of oxygen remained, cor- 
responding to a pressure of 3,5-18 mm of mercury. When 
other conditions were left unchanged and the intestinal 
loop was filled with pure nitrogen (obtained from air by 
absorbing oxygen in a Haldane apparatus), then after 
4-2 hours the amount of oxygen in the intestinal lumen 
had again reached 0,.5-2.3/. Thus, oxygen is not only 
absorbed, but under certain conditions it is also able to 
pass into the intestine from the blood. It must be noted 
that the tension of oxygen in the intestinal lumen is 
very low, which may be due to the low oxygen tension 
in venous blood leaving this part of the intestine. How- 
ever, the oxygen tension in the mesenteric veins was 
very much higher, and according to our measurements 
had a value of 20-50 mm of mercury (Table 2). 





TABLE 1. Results of Experiment on April 20, 1957 
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TABLE 2. Oxygen Tension in the Lumen of Intestine and in Mesen- 
teric Veins 


Oxygen in lumen of intes- 

: in cenilinn tine after steady state had 
Oxygen in mesenteric veins been reached (after 2-4 hrs) 
Number i ~ |__| Tension in 
of ; Satura- j|mm metcu- cunt Tension 
voluine | |; . 
tion () |ry over pH (in mm mer- 

erimen 

a | range 7.2- | (in %) cury) 


|7.6 | 


Rabbits 


o 
os 


nonoco--— 


——=—No—-nv 
Nest Qe Ke Nowe ono 


4l- 
4) 


38-—! 


34. 
32— 


— 


35— 
4l 





| 





Cats 


The oxygen tension in the blood over a certain In control experiments, 300-400 ml of pure nitro- 
range of variation of pH was calculated from the oxy- gen was introduced into the abdominal cavity of an in- 
hemoglobin dissociation curve for cats and rabbits as tact rabbit. After 2-3 hours the oxygen concentration 
given by G. Bartels and H. Harms [2]. To calculate the had reached a steady level of 6-17.93, corresponding to 
percentage circulation of oxygen, the volume in the 50-57 mm mercury. 
blood was measured by a van Slyke apparatus. 





It is known that when gas is introduced into the 
serous (abdominal or pleural) cavities, or else injected 
subcutaneously, gaseous equilibrium is attained very rap- 
idly. Then,the oxygen tension in the serous cavity or 
subcutaneous vesicle becomes equal to the venous ten- 
sion (6, 9, 11 and others), As our experiments have 
shown, the diffusion of COyinto the intestinal cavity oc- 
curs as quickly and as completely as into other body ca- 
vities, but the oxygen tension remains low. It is impor- 
tant to note that the oxygen tension in the venous blood 
from the intestine is 15-35 mm mercury, and is always 
greater than the tension in the intestinal lumen. To ex- 
plain the effect, it must be remembered that in the in- 
testine there are well-developed arteriovenous anasto- 
moses, as a result of which a proportion of the arterial 
blood passes directly into the veins. The oxygen tension 
in such mixed blood will naturally be higher than in the 


tissues. However, were the difference between 
che oxygen tensions in the lumen and the veins due 


only to these anastomoses, then the value of the oxygen 
tension in the intestinal tissue would be extremely low, 
having a value of 10, 5, or even of 3,mm mercury. It is 
difficult to believe that this is so, because of the rela- 
tively high metabolic rate in the intestine, and from the 
calculated values of the minimum oxygen tension in the 
capillaries required for respiration [5, 12]. 

Evidently, as far as oxygen is concerned, there are 
certain specialconditions in the intestine which differ 
from those in the serous cavities and in the tissues them- 
selves ( as affecting, for example, a mixture of gases 
injected into the subcutaneous tissue). We may suppose 
that in the cavity of the small intestine there is always 
a very low oxygen concentration despite the abundant 
blood supply. Further evidence of the almost anaerobic 
conditions in the intestine is that intestinal mammalian 
and human parasites are typical anaerobic organisms [3]. 


SUMMARY 

A study was made of the gaseous exchange between 
the cavity of the small intestine and the blood fiowing 
from it in the mesenteric veins. The gaseous composi- 
tion of the blood in the mesenteric veins was examined 
after air or nitrogen introduced into the intestine had 
reached a constant composition. The oxygen tension in 
the venous blood was always 15-35 mm Hg higher than 
that in the intestinal lumen. The oxygen tension in the 
intestine remained very low despite the abundant blood 
supply. 
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Not long ago the view of the renal factor in hyper- 
tension was that, in response to interference with renal 
circulation or damage to the kidneys, the renal tissue 
would begin to produce increased amounts of rennin 
which would enter the blood stream and react with the 
@»-globulin of the plasma to create hypertension which 
has a powerful vasoconstrictor action. 

This view encountered serious difficulties because a 
number of fundamental clinical and experimental studies 
showed that in the chronic stage of hypertensive disease, 
and inexperimental renal hypertension,the amount of 
rennin in the blood of human patients or of animals was 
normal, and that removal from animals of one ischemic 
kidney, which appeared to be the source of rennin, did 
not reduce the arterial pressure [7, 8, 11, 14]. 

It then followed that increasing the constituents of 
the rennin-hypertension system in the blood did not play 
any part in maintaining the raised arterial pressure dur- 
ing the chronic stage of hypertension. At the same time, 
there was no doubt that interference with renal circu- 
lation and damage to renal tissue played an important 
part in the pathogenesis of hypertension, because remov- 
ing clamps and restoring the circulation to an ischemic 
kidney in animals, or transplanting a normal kidney into 
subjects suffering from malignant hypertension, led to a 
reduction in the arterial pressure [5,6, 10]. Damage to 
the renal circulation, produced either reflexly or surgi- 
cally, and damage to renal tissue lead to an increase 
in arterial pressure not through the rennin hypertension 
system, but in some other way [3]. 

Grol’man [1],and Floyer [6] and Ledingham [9],con- 
sider that in addition to their excretory function, kidneys 
have a “metabolic” or “incretory” function, which plays 
an important part in the healthy organism in maintain- 
ing the arterial pressure at its normai level. When there 
is damage to the renal circulation, renal metabolism is 
depressed, and arterial pressure increased, The most 
powerful argument in favor of this idea is the develop- 
ment of hypertension in animals from which both kid- 


neys have been removed, This kind of hypertension de- 
velops in animals in which the excretory function of the 
kidneys has been taken over by an artificial kidney or by 
peritoneal dialysis, when the life of the animal may be 
prolonged for 1-3 months, If during this period the kid- 
ney whose ureter is sutured to the inferior vena cava is 
left in the body, although it can perform no excretory 
function, it will nevertheless completely prevent the de- 
velopment of the hypertension normally associated with 
nephrectomy [1]. 

For this reason, postnephrectomy hypertension is,at 
present thought to result from the absence of renal me- 
tabolism. The great resemblance between this condition 
and that due to renal hypertension has led to the view 
that the disturbance of renal metabolism plays an im- 
portant part in increasing arterial pressure [5, 6, 9]. 
However, the essential feature of renal metabolism and 
the means by which the “renal deprivation factor" in- 
creases arterial pressure remain unexplained. V. V. 
Parin and F, Z, Meerson [2] have suggested that the me- 
tabolic antihypertensive function of the kidneys restrains 
the action of the principal extrarenal pressor factors 
(adrenalin, noradrenalin, vasopressin and mineral corti- 
coids),and so makes possible the maintenance of normal 
arterial pressure, In the absence of kidneys, the action 
of the pressor factors listed may be increased despite the 
fact that their concentration in the blood hasnot changed, 
so that the arterial pressure is also increased. 

To test this hypothesis, S. M. Shenderov [3] carried 
out a number of investigations in V. V. Parin’s labora- 
tory, and used small or moderate doses of the pressor 
factors, 

In the present investigation we have compared the 
pressor response to moderate doses of adrenalin and 
pituitrin innormal animals and those from whom the 
kidneys have been removed, 


METHOD 
In rabbits the arterial pressure was recorded from 
the carotid artery by a mercury manometer. After the 
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pressure in the jugular vein had been stabilized, the 
animals were given,first,an injection of 1 y, and then 
five minutes later,a second injection of 2 y per kg, of 
adrenalin, 

Five minutes after the second injection, 0.3 units 
per kg of pituitrin were injected. The magnitude of the 
pressor response was measured on a kymogram in mm 
Hg. These experiments were carried out on 15 control 
rabbits and on 11 animals from whom the kidneys had 
been removed 48 hours previously. 


RESULTS 

The initial arterial pressure varied between 90 and 
120 mm Hg , and there were no significant differences 
between the two groups. 

The pressor responses to adrenalin and pituitrin are 
shown in the table, 

It can be seen from the table that in nephrecto- 
mized animals the response to adrenalin was much high- 
er than in the controls. The difference was clearly 
shown by those receiving 1 y of adrenalin. 

In normal rabbits such an injection caused an average 
age increase of 16.8 mm, and in those without kidneys, 
the increase was 29.5 mm, so that nephrectomy increased 
pressor response by nearly twice. When 2 y of adren- 
alin was given, the difference was less, though it was 
still considerably higher in the nephrectomized group. 

The pressor response to pituitrin was also greater in 
the experimental group, In the controls the maximum 
average arterial pressure increase was 18.6 mm, and in 
the nephrectomized rabbits it was 35 mm. The differ- 
ence was both qualitative and quantitative, In the con- 
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trol group the pressure rise took 3-4 minutes, after which 
the blood pressure returned gradually to normal, and in 
the operated group, immediately after the first pressure 
increase, which lasted 5-16 seconds, a decrease in pres- 
sure by 20-30 mm commenced, This fall was gradually 
replaced by a third phase in which the pressure increased 


Fig. 1. Arterial pressure changes (pressor response) fol- 
lowing intravenous injection of 1 y adrenalin, a) Nor- 
mal rabbit; b) nephrectomized rabbit. Curves, from 
above downward: arterial pressure, zero line, time 
marker (1 second), 





a 
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Fig. 2. Change in arterial pressure (pressor response) following intravenous injection of 0.3 units of pituitrin. 
a) Normal rabbit; b) nephrectomized rabbit. Curves as in Fig. be 


to a higher level than the value reached immediately 
after the pituitrin injection. 

The curves shown in Figs. 1 and 2 show the different 
pressor responses in the control of operated groups. 

In considering the increased pressor response due to 
nephrectomy, it must be remembered that there may be 
two distinct reasons for the change. Firstly it may devel- 
op as aresult of the elimination of a metabolic anti- 
hypertensive factor, whose destruction is responsible for 
the development of the hypertension due to nephrectomy, 
and secondly it may result from the elimination of the 
excretory function,which causes an accumulation in the 
body of nitrogen compounds, salts, and water. 

The distinction between these two factors has been 
drawn by other investigations carried out in V, V. Parin's 


laboratory, where a wide range of pressor factors and ex- 
perimental models,as well as peritoneal dial ysis, have 
been used [3]. 

Thus ,the condition of acute renal deprivation caused 
by bilateral nephrectomy causes a marked increase in the 
response to the extrarenal pressor factors adrenalin and 
pituitrin, 


SUMMARY 
Experiments on rabbits have shown that the pressor 
effect of adrenalin and pituitrin increases considerably 
48 hours after removal of both kidneys, This result con- 
firms the authors’ opinion that hypertension due to neph- 
rectomy may be caused by an increased effect of extra- 
renal pressor factors without any change in their amount, 


915 





LITERATURE CITED 
A, Grol’man, in: Hypertensive Disease [in Rus- 
sian] (Moscow,1953) p.26, 
V. V. Parin and F, Z. Meerson, An Outline of the 
Clinical Physiology of the Circulation [in Russian] 
(Moscow, 1960), 
S.M.Shenderov, Zhurn, Patofiziol. i Esper. Terapii 
(1960), 
F, Braun-Menendez and A, C, Paladini, Circulation 
117, 668 (1958). 
P. M. Daniel, M. L. Prichard, andJ. N., Ward- 
McQuaid, Clin. Sc. 13,247 (1954). 
M, A, Floyer, Clin, Sc, 14, 163 (1955). 


F, W. Haynes, L, Dexter,and R, E, Seibel, Am. J. 
Physiol. 150, 198 (1947). 

W.J. Kolff and I. H, Page, Am, J. Physiol 178, 
531 (1955). 

J. M. Ledingham, Brit. M. Bull, 13, 33 (1957). 


. J, P.Merrillet al., J. Am. M, A. 160, 277 (1956). 
. G, W, Pickering, Clin, Sc. 5, 229 (1945). 
. L, T. Skeggs and J. R. Kahn, Circulation 17, 658 


(1958). 


. A, C, Taquini and J, C, Fasciolo, Medicina 9, 111 


(1949). 
A, C. Taquini, P. Blaquier,and A.C. Taquini, Jr., 
Circulation 17,672 (1958). 





RESPIRATORY ELECTROMYOGRAMS IN PULMONARY 
DAMAGE BEFORE AND AFTER VAGOTOMY 


Yin Ch'ih-chang 


Laboratory of the Comparative Pathology of the Nervous System 
(Head, Professor S.1,Frankshtein) ,Institute of Normal and Pathological 
Physiology (Director, Active Member AMN SSSR V. N. Chernigovskii) 
AMN SSSR, Moscow 
(Presented by Active Member AMN SSSR V. N. Chernigovskii) 

Translated from Byulleten’ Eksperimental' noi Biologii i Meditsiny, Vol. 50, No. 9, 


pp. 93-57, September , 1960 
Original article submitted October 21, 1959 


Many clinical and laboratory investigations have 
shown that the dyspnea of pulmonary disease or trauma 
develops reflexly [1, 3, 7, 14]. In the above investiga- 
tions, disturbance of respiratory movements was measured 
chiefly by pneumographic recording of respiratory 
movements, It is only recently that electrophysiological 
methods have become available for studying these move- 
ments, However, comparatively few electromyographic- 
al investigations have been made of the altered function 
of individual muscles following damage to the respira - 
tory system, and they have been mainly clinical [10, 11, 
13, 15-17]. 

The present investigation was made in the lab- 
oratory, and we have studied the mechanism of breath- 
lessness by recording the electromyograms of respiratory 
muscles in cases of pulmonary damage before and after 
vagotomy. 


METHOD 

The experiments were carried out on 12 unanesthe- 
tized dogs in whose muscles plate electrodes were im- 
planted by the method described by T, I, Goryunova [5], 
Potentials were recorded from the diaphragm and inter- 
nal intercostal muscles (from the intercartilaginous por- 
tion of the fifth intercostal space and from the internal 
oblique muscles of the belly); a three-channel ampli- 
fier was used in conjunction with a cathode ray oscillo- 
graph, the combination having a sensitivity of from 30 
to 100 pv/mm, 

Pulmonary damage was inflicted by injecting 10-20 
ml of hot water at about 90° through the thoracic wall, 
In some experiments the potentials were recorded from 
muscles on the damaged side, and in other experiments 
from muscles on the opposite side. In one set of experi- 
ments the damage was inflicted before vagotomy, and 
in another,after, 


RESULTS 
We have previously described (1960) how the normal 
dog electromyogram shows a set of impulses at inspira- 


tion which gradually increase in rate and then diminish 
(diaphragm and intercostal muscles); at expiration 
(oblique muscles), impulses are recorded from the dia- 
phragm,and there is an overlap of the volleys from the 
diaphragm and from the oblique muscles of the abdomen, 
The electromyograms of vagotomized dogs show a sharp 
cutoff to the impulses at input, and a gradual fading or 
disappearance of the potentials from the oblique muscles 
and diaphragm at inspiration, -without any overlap. 


I. Changes in the Electromyogramsafter 
Pulmonary Damage in Dogs with the Ner- 
vous System Intact 

Unilateral thermal pulmonary damage produced re- 
gular changes in the electrical activity of the respira- 
tory muscles, During the infliction of the damage and 
immediately after it there was a marked increase in ac~- 
tivity,both on the damaged and the undamaged side, Af- 
ter only a few seconds or minutes, in most cases an asym- 
metry was observed between the electrical activity of the 
respiratory muscles on the two sides, 

On the undamaged side, the amplitudes of the poten- 
tials from the diaphragm and intercostal muscles at in- 
spiration were increased (Fig. 1, a, b), On the damaged 
side, on the contrary, there was a reduction of activity, 
both of the diaphragm and of the intercostal muscles 
(Fig. 1c, d). 

The increased rate of impulses from the unoperated 
side ceased after } -2 hours, and the activity returned to 
the original level. Normal conditions were not restored 
on the operated side for several hours, No such asym- 
metrical behavior was found in the oblique muscles of 
the abdomen, After the damage had been inflicted, 
there was an increased rate of impulses in both obliques, 
and the activity easily returned to the original level af- 
tera few minutes, These experiments confirmed our 
previous findings concerning the asymmetry of the elec- 
trical activities of the right and left arches of the dia- 
phragm following damage to one lung [4], and also the 
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Fig. 1. Electrical activity in the respiratory muscles after unilateral pulmonary dam- 
age in cae with the nervous system intact. a) Knopik,before damage; b) same dog, 
two minutes after damage to opposite side; c) dog Faithful, before damage; d) same 
dog, five minutes after damage to same side. Curves, from above downward; elec- 
tromyogram of the intercostal muscles, diaphragm, and oblique muscles of belly. 


results of E, L, Golubeva who showed that after unilater- the electrical activity of the diaphragm and intercostal 
al pulmonary damage therates of flow of impulses in muscles, 

the two phrenic nerves are different [2]. On the undamaged side the activity was increased, 
and returned to the original level after 24 hours (Fig. 2, 
a, b). On the damaged side the reduction in activity was 
more pronounced than in the animals with intact nervous 


Il, Changes in the Electromyogram of the 

Respiratory Muscles Following Pulmonary 

Damage in Vagotomized Dogs . ; s 
systems, and more time was required for restoration to 


Just as when the nervous system was intact, after the original level of activity, sometimes even several 
vagotomy, damage to one lung caused an asymmetry in days (Fig. 2, c, d). 
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A typical feature of the electrical activity in the 
vagotomized animals was the disappearance of impulses 
from the oblique muscles, Pulmonary damage caused a 
reappearance or an increase in the strength of pulses 
from these muscles (Fig. 2), which was maintained for 
several days, and sometimes increased, 

Our experiments have established the tollowing facts: 
1. In unilateral pulmonary damage, there is an asym- 
metrical electrical activity not only in the diaphragm, 
but also in the internal intercostal muscles. 2. In the 
oblique muscles of the abdomen, there is no such asym- 
metry. 3. Asymmetry of the electrical activity of the 
diaphragm and intercostal muscles following unilateral 
pulmonary damage occurs in vagotomized animals, and 
is more marked ,and the effect is more prolonged than 
in animals with intact vagi. 

We must inquire into the reason for the asymmetry. 
There are two possible explanations: the first is 
that impulses arising from the damaged pulmonary area 
cause an asymmetrical activity in the respiratory center 
itself [2]. The second is that pulses from the damaged 

pulmonary area cause an asymmetrical change in the 
excitability of the spinal motoneurons of the different 
respiratory muscles, with the result that there is a change 
in their responses to impulses originating in the respira- 
tory center [4], 

Direct experiments are required to decide between 
these two possibilities, However, many indirect obser- 
vations lead us to support the second of the two alterna- 
tives. 

For instance, unilateral pulmonary damage causes 
asymmetrical activity in the intercostal muscles and 
diaphragm. The electromyogram of the oblique muscles 
of the abdomen shows no such asymmetry, Such a result 
cannot be explained on the basis of unequal activity of 
the left and right halves of the respiratory center, It 
must be pointed out that there may be some asymmetry 
in the activity of the respiratory muscles of the abdomen 
themselves, as is observed in unilateral peritonitis, It 
is interesting that the explanation given is that there is 
an asymmetry in the activity of the spinal motoneurons 
(6, 8}. 

Some support for the idea that spinal mechanisms 
are concerned in the respiratory asymmetry is given by 
the fact that it occurs also in vagotomized animals, 

Nevertheless, we certainly do not deny that the 
changes are brought about reflexly through the actior 
of impulses from the damaged zone affecting the 
respiratory center, This mechanism has been studied in 
our laboratory for many years [3, 9, 12, 14], and its im- 
portance is shown in our experiments, Actually, after 
vagotomy the electrical activity of the oblique abdom- 
inal muscles becomes much reduced or disappears en- 
tirely. After unilateral pulmonary damage, the sym- 
metrical activity of the left and right oblique muscles 
again develops. The appearance or increase in the ac- 
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tivity of the oblique muscles in vagotomized animals 
after pulmonary damage is evidently due to the fact 
that stimulation from the damaged zone constitutes ad- 
ditional afferent stimulation of the respiratory center. 


SUMMARY 

The electrical activity of the respiratory muscles, 
including those of the diaphragm, and the intercartilag- 
inous part of the internal intercostal and internal oblique 
abdominal muscles, was recorded by means of chronical- 
ly implanted electrodes in dogs, 

After unilateral injury to the lungs, the electrica. 
activity of the diaphragm and intercostal muscles was 
asymmetrical, being reduced on the side of the injury 
and intensified on the opposite side, There was no asym- 
metry in the oblique muscles, Injury to the lungs caused 
a similar but more prolonged reaction in vagotomized 
animals, It is suggested that this asymmetry results from 
asymmetrical changes in the excitability of spinal moto- 
neurons of individual respiratory muscles, which alter 
their response to impulses from the respiratory center. 
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According to the description of the general adapta - 
tion syndrome [7], the hypophysis is the sole regulator of 
adrenal cortical function, the anterior lobe secreting 
adrenocorticotropic hormone (ACTH). Until now, at- 
tempts to reveal other mechanisms controlling cortical 
function have failed [2, 3]. Nevertheless, there are re- 
ports that changes in the adrenal cortex, and particularly 
those occurring in radiation sickness, cannot be attributed 
to changes in the secretion of ACTH [4]. It has been 
shown [1, 4] that functional changes in the adrenal cor- 
tex are not the direct result of the action of radiation on 
tissue, but are brought about indirectly. 

The present article reports work in which an attempt 
was made to determine the extent to which the hypo- 
physis was involved in adrenal cortical damage caused 
by small doses of radiation. 


METHOD 

The experiments were carried out on intact and on 
hypophysectomized male rats not less than ten days after 
the operation. 50uC of Na were given to each rat 
weighing 250 g. We first established that the dose pro- 
duced by the breakdown of this quantity of isotope is al- 
ways effective, but exceeds only by one order the dose 
which produces no statistically significant changes in 
adrenal cortical function in intact rats, Adrenal corti - 
cal secretion was determined from changes in the weight 
of the thyroid gland (as indicating the condition of the 
thymus and lymphatic system), weight of the adrenal 
glands, and their content of ascorbic acid (as determined 
by Tilman’s titration method), On each occasion 20 
animals were used, The results were treated statisti- 
cally, 


RESULTS 
A solution of radioactive sodium carbonate 
Na,“coO; having an activity of 50uC given by mouth 
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caused marked changes in the adrenal cortical functional 
indices (Fig. 1). 


For the first few days, when the total dose of intern- 
al 6 - and y -radiation amounted to 1.75 REP, the adrenal 
ascorbic acid had fallen from the control value of 413 
to 360 mg’; both here and later, average figures are 
given. The maximal reduction in ascorbic acid (down 
to 290 mg’) was recorded on the third day after begin- 
ning the irradiation, when the absorbed dose was approx- 
imately 7 REP, i.e., at about the time when the injected 
radioactive sodium-24 had broken down completely. 

An increase in adrenal weight occurred during the 
first few hours after irradiation. The greatest effect was 
produced by an internal dose of 6.7 REP, when the adre- 


Fig. 1. Functional adrenal cortical changes 
following administration of 50 nC Na“, 
Abscissa — time of observation on logarithmic 
scale; ordinate — percentage difference of the 
experimental and control indices. I) Change 
in weight of adrenals; Il) change in adrenal 
ascorbic acid content; III) change in weight 
of thymus. 





nals attained aweight of 228 ug& per kg (as compared 
with the control value of 156 ug /g), 

After 24 hours irradiation, the weight of the thyroid 
was 2,5 mg/g, which was less than the control value of 
3.2 mg/g. The thymus continued to diminish in size 
during the whole observation period, and in some animals 
it disappeared altogether. Twenty five hours after giving 
the isotope, the weight of the thyroid had fallen to 1.5 
mg/g.* These results show that,at any rate, for the first 
three days the signs of adrenocortical hyperfunction are 
typical of those produced by stress. 

After one week, the weight of the adrenals returned 
to normal, but the ascorbic acid content was increased, 
and did not return to normal until the 15th day. 

Having ascertained that the greatest biochemical 
changes in the adrenals occurred on the third and seventh 
day after irradiation, we arranged a similar set of ex- 
periments on 60 hypophysectomized animals of which 
20 were controls, and 20 were tested on the third and 
seventh day after receiving 50 C of radioactive nd, 

The results were as follows. Hypophysectomy itself 
causes a reduction in weight of the adrenals. In the con- 
trol intact animals, the relative weight of the adrenals 
was 156 g/g, and in the control hypophysectomized 
group it was only 40 ug/g. The marked atrophy of up to 
715% of the adrenal tissue following hypophysectomy 
has been described many times previously. It is, however, 
interesting that other indices of adrenocortical function 
(weight of thyroid and ascorbic acid content of adrenals) 
differed very little from their values in the control intact 
animals. 

In general, giving radioactive Na“ to hypophysecto- 
mized rats produced the same reactions of the adrenal 
cortex as it did in the intact animals. 
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On the third day there was a small but statistically 
significant increase in adrenal weight up to 47 g/g, a 
reduction in their ascorbic acid content from 391 to 337 
mg%, and a reduction in weight of the thyroid from 3,2 
to 2.7 mg/g. However, the difference from the mean 
was only half that of the unoperated experimental group 
at the corresponding period. It is quite likely that the 
reason why certain authors (5, 6], who worked with a 
smaller number of animals, have denied the existence of 
these changes is because they are so small, and it is only 
through the statistical treatment of our results that the 
validity of the changes has been established, 

Apparently the time which elapses between hypo- 
physectomy and irradiation is important. It appears that 
the aftereffects of the strong stress caused by the opera- 
tion and trepanning of the base of the skull continue to 
operate for about one week. Seven days after the isotope 
had been given(Fig. 2b), the weight of the adrenals in 
the hypophysectomized animal returned to normal, the 
ascorbic acid was somewhat increased (453 mg% ), and 
the weight of the thyroid was further reduced (down to 
2.5 mg/g), i.e., the same changes which were observed 
in the intact animals occurred, Here again, although it 
was statistically significant, the extent of the change was 
far less than it was in the intact animals, 

The results presented here show that the hypophysis 
exerts a stimulating effect on the adrenal cortex, It is 
also evident that this is not the only possible means 


* Further evidence for the reduction in the lymphoid tis- 
sue following equivalent doses of internal radiation has 
been produced by other workers in our laboratory, who 
studied the blood cells and the hemopoietic organs. 


Variation of the adrenocortical functional indices in hypophysec- 


tomized and intactrats as a percentage of the control values (taken as 
100); a) on the 3rd day and b) on the 7th day after receiving 50 uC of 
Na“. The columns with the widely spaced shading represent the indices 
of the intact animals; those with the closer shading refer to the hypo- 


physectomized animals. 





whereby the adrenal cortex may be stimulated, at any 
rate,as far as the effects of radiation are concerned. 

While it is possible that radiation exerts a direct ef- 
fect on the adrenals, it is probable that another mechan- 
ism or mechanisms exist whereby the adrenals are brought 
to respond to small doses of radiation administered in- 
ternally. 


SUMMARY 

The reaction of the adrenal cortex,as judged by 
weight changes, changes in the amount of ascorbic acid, 
and in the weight of the thymus in intact and hypo- 
physectomized rats was measured after administration 
of 50 uC of Na“, An amount of radiation equal to 7 REP 
given internally caused an increase in adrenocortical 
function in the intact animals. Hypophysectomy, per- 
formed ten days before irradiating,reduces, but does not 
eliminate, these changes. This result suggests that some 


parahypophyseal influence on the adrenal cortex is in- 
volved in the reaction to internal radiation. 
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Modern histochemical methods of studying the ac- 
tivity of oxidizing enzymes concerned in the Krebs oxi- 
dation cycle of tricarbonic acid enable a sufficiently 
accurate determination to be made of the most function- 
ally active structures, Normally, the activity of these 
enzymes also depends on the functional activity of the 
particular portion of the nephron concerned, Numerous 
histochemical investigations [7, 8, 12, 13, 15, 17, 18] 
have shown that the most active portions are the proxi- 
mal sections of the convoluted and collecting tubules, 
i.e,, those parts of the nephron concerned with active 
reabsorption. In other regions, enzymatic activity is 
much lower, and there is none in the glomeruli. This 
result is evidently due to the fact that the glomeruli are 
concermed only with passive filtration, which does not 
require any considerable energy expenditure. 

In various pathological processes (for instance, dis- 
turbances of the circulation [14, 20]),radiation sickness 
[16], mercury poisoning [11, 19], and also in nephritis 
associated with nephrotic changes, succinodehydrase ac- 
tivity in the tubules is reduced [9]. 

It has frequently been shown that cortisone and var- 
ious other steroid hormones increase succinodehydrase ac- 
tivity in the epithelium of the convoluted tubules [5], 
and in several other organs, On this account, the aim 
of the present investigation has been to find whether 
cortisone increases the activity of the dehydrase of suc- 
cinic acid in rats in which cytotoxic nephritis has been 
experimentally induced. 


METHOD AND RESULTS 
The experiments were carried out on 50 white male 

rats which initially weighed 100-200 g; they were di- 
vided into three experimental groups of 12 animals each, 
and one control group of 14 animals. The first group 
received highly active cytotoxic serum subcutaneously 
and intravenously, and developed nephrotic nephritis. 
There was considerable edema of the subcutaneous tissue, 
in many cases hydrops developed, there was up to 3% 


protein in the urine and a deposition of hyaline cylinders 
and erythrocytes, and a marked increase in blood urea, 
The animals were killed by decapitation at various times 
from seven days to 14 months after developing nephritis. 
The kidneys were found to be engorged with blood and 
edematous, there were marked proliferative destructive 
changes in the glomeruli, and erythrocytes were present 
in Bowman's capsule. The epithelium of the convoluted 
tubules showed granular and fatty dystrophy, while in the 
lumen of the canals numerous hyaline bodies were fre- 
quently found, 

After receiving the cytotoxic serum injections, the 
animals of the second group were then given a daily in- 
jection of 5 mg/100g of cortisone acetate injected sub- 
cutaneously, In this group, there was no edema, and 
less proteinuria (up to 0,6%), The rats were killed at 
the same time as were those of the first group. Histo- 
logical examination of the kidneys showed that there 
were some nephritic changes, which included swelling 
of the glomeruli, small diapeditic hemorrhages into the 
cavity of Bowman's capsule, and a proliferation of the 
glomerular endothelium. Perivascular edema and round 
cell infiltration into the connective tissue were much 
less extensive. The epithelial cells of the convoluted 
tubules appeared swollen, and contained eosinophilic gran- 
ules in the protoplasm. The lumens of the tubules were 
sometimes somewhat expanded, but never contained any 
hyaline bodies. 

The third group received a prophylactic dose of 500 
mg /100 g per 24 hours in addition to the cytotoxic se- 
rum. In these animals the nephritis was not accompa- 
nied by edema, there was only 0,3-0.2% of protein in 
the urine, and the amount of residual nitrogen in the 
blood was increased to 70 mg%. In these animals, the 
condition resembled a moderately severe destructive 
proliferative glomerulonephritis in which the loops of 
Henle were swollen. The epithelium of the tubules was 
somewhat flattened and there was a marked granularity 
of the protoplasm. 





Distribution of succindehydrase activity in the rat adrenal cortex as revealed by the neo- 
tetrazol reaction using the method of Shelton and Schneider, a) Distribution of succino- 
dehydrase in the normal rat kidney; b) two weeks after injecting cytotoxic serum there 
is a considerable reduction in the activity of the enzyme in the epithelium of the tubules, 
and an activation in the glomeruli; c) repeated injections of cortisone beginning on the 
second day after injecting the cytotoxic serum prevents the reduction of activity of the 


enzyme; d) when cortisone is injected repeatedly, starting on the day before the injec- 


tion of the cytotoxic serum, succinodehydrase activityin the cortex of the kidney is greater 
than in the control animals. Magnification 10x 20, 





In the fourth,or control group, eight rats were un- 
treated and remained healthy, while six received a daily 
injection of cortisone acetate, 

For histochemical investigation of the activity of 
succinodehydrase in the kidneys, sections 204 thick were 
cut from freshly frozen portions,and Shelton and 
Schneider's neotetrazol reaction applied, The sections 
were incubated at 37 for 15 minutes in a medium con- 
sisting of equal volumes of distilled water, a 0.1 M phos- 
phate buffer (pH 7.5), a 0.fsolutionof neotetrazol hydro- 
chloride, and a 0.1 M solution of sodium succinate, As 
a result of the reaction, the water soluble neotetrazol was 
reduced to mono- and diformazan, which were deposited 
as insoluble red and blue granules respectively at the 
site of the enzymatic activity.* The results of the ex- 
periments were as follows, 

Rats with nephrotic nephritis differed from normal 
animals in showing activation of the enzyme in the 
loops of some of the glomeruli, a result which may be 
associated with an active proliferative reaction; at the 
same time,there was a considerable depression in the 
succinodehydrase activity inthe epithelium of the con- 
voluted tubules. This latter effect was particularly well 
shown two weeks after the onset of nephritis. Because of 
the very small amount of formazan deposited,the outlines 
of the tubules became very indistinct, In this group there 
was a very clear relationship between the inactivation 
of succinodehydrase andthe severity of the nephritis. 


In healthy animals receiving cortisone, there was 
an increased activity of the enzyme in the epithelium of 
the convoluted tubules. 

In the group receiving cortisone after the injection 
of cytotoxic serum, the reaction of activating the suc- 
cinodehydrase in the glomeruli was preserved, but by con- 
trast with the first group, the reaction in the epithelium 
of the convoluted tubules was increased, 

Finally, in the animals receiving cytotoxic serum 
after a prophylactic dose of hormone, the activity of the 
enzyme was increased (to a level greatly above normal) 
in the epithelium of the convoluted tubules and in the 
collecting tubules, Cortisone had no effect on the activ- 
ity of succinodehydrase inthe glomeruli. Its activity was 
the same as in untreated nephritis (see figure a, b, c, 
and d). 

Our results agree completely with those of other au- 
thors who found an activation of oxidative enzymes in 
the tubules after treatment with the glucocorticoid type 
of cortisone [5], Because,in our experiments, there was 
at the same time a considerable reduction in the pro- 
teinuria, it is probable that cortisone causes an increased 
reabsorption of protein by the epithelium of the tubules. 

It is important to note the increased succinodehydrase 
activity in the glomeruli when there is inflammation. 
Under normal conditions, in all the collective tissue ele- 
ments (ground substance, fibrous structures and cells) the 
activity of the oxidized enzymes is very low [8, 12, 17]. 


The increased activity in the connective tissue cells 
during inflammation may possibly be due to one of three 
causes: 

1) An increased metabolic rate in the connective 
tissue cells; 

2) Increased permeability of the cell membranes 
which are normally inaccessible to the relatively high- 
molecular-weight tetrazol salts; 

3) The effect of a changed metabolism in inflam- 
mation may be to cause a binding of the oxidative en- 
zymes, which may be present in large amounts in the 


connective tissue cells, 
SUMMARY 


A study was made of succinodehydrase activity in the 
kidneys of rats suffering from experimental cytotoxic 
nephritis and treated with cortisone. In untreated nephri- 
tis the activity of the enzyme in the epithelium of the 
convoluted tubules decreased corisiderably, and was in- 
tensified in some of the glomeruli. 

Cortisone administration before or two days after 
the injection of the cytotoxic serum caused activation 
of succinodehydrase in the tubular epithelium without 
having any effect upon its activity in the glomeruli. 
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With the ever-increasing use of hypothermia in sur- 
gical practice, certain physiological indices require 
evaluation at low body temperatures, From this point of 
view the study of the reflex control of the blood pressure 
in hypothermia is of undoubted interest, In the literature, 
there are many reports of investigations of the state of 
the cardiovascular system during general hypothermia. 
Particular attention has been paid to the study of the 
cardiac function in hypothermia. The existing informa- 
tion on the control of the blood vessels in these condi- 
tions is, however, of a very limited character, although 
the subject is of considerable interest, 

In carrying out this research we had two aims in 
view: to elucidate firstly, the general pattern of the 
disturbances of reflex control of the vascular tone in hy- 
pothermia and, secondly, some aspects of the mechanism 
of these disturbances, 


METHOD 

The first series ot experiments was performed on 
dogs, cats,and rabbits, The animals were subjected to 
general cooling by being placed in a metal bath with a 
double bottom, which was cooled with ice or snow, The 
anesthetized animal was fixed on its back to the cold 
bottom of the bath, and ice-bags were applied to the an- 
terior surface of its trunk. The rectal temperature fell 
gradually and reached 26 after 1-14hours, With fur- 
ther cooling, the temperature fell rapidly, to reach 20- 
19° after 20-25 minutes. Animals whose degree of hypo- 
thermia was so deep usually died from respiratory arrest 
before the conclusion of the experiment. For this reason, 
in the majority of experiments the animals were taken 
from the bath at 26-24° and kept at room temperature. 
Under these conditions the rectal temperature remained 
at this low level for 2-3 hours. 

In some experiments hypothermia was induced by 
the method of extracorporeal cooling of the blood after 
preliminary heparinization. The femoral artery and 
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vein were connected through a system of tubes and coils 
immersed in cold (4-5) water. By this method the ani- 
mals could be brought more rapidly into a state of hypo- 
thermia, and by immersion of the coil in warm (40°) 
water, the initial body temperature could be expedi- 
tiously restored, 

The method of study of the reflex regulation of the 
vascular tone was as follows: In the anesthetized animal 
the sciatic and vagus nerves were dissected and placed 
on a ligature. Inrabbits and, when possible, in cats, the 
aortic nerve was also dissected, A cannula for recording 
the blood pressure was introduced into the right carotid 
artery. Respiration was recorded from the trachea. The 
central ends of the nerves were placed on platinum elec- 
trodes and stimulated with rectangular impulses of cur- 
rent at a frequency of 50 imp%ec, the duration of each 
impulse being 10 msec and the voltage from 1 to 7v. 
The interoceptors of the urinary bladder were stimulated 
by increasing the pressure therein to 60-70 mm Hg. The 
receptors of the lungs and respiratory tract were stimu- 
lated by increasing the pressure in the closed system of 
the air passages to 100-120 mm water. The carotid si- 
nus pressor reflex was evoked by clamping the left com- 
mon carotid artery, and acute asphyxia by closure of 
the tracheal cannula. The vascular reflexes in response 
to stimulation of these sensory nerves and interoceptive 
fields were investigated before cooling, during the de- 
velopment of hypothermia and, in some experiments, 
after the animal had been warmed to its original tem- 
perature. 


RESULTS 


In a state of hypothermia, in addition to a consider- 
able fall in the level of the arterial pressure and an in- 
crease in the pulse pressure, a marked weakening was 
observed in the reflex vascular reactions in response to 
stimulation of the central ends of the various sensory 





Fig. 1. 


Pressor reflex to a lowering of the pressure in the carotid sinus before (a) and during (b) the 


development of general hypothermia. Significance of the curves (from above down): a) blood 
pressure, respiration, time marker, stimulation marker; b) respiration, blood pressure, time marker, 


stimulation marker. 


nerves and interoceptive zones. These findings are il- 
lustrated in Figs. 1 and 2. 

It must be pointed out that the depressor reflexes 
were weakened more rapidly and to a greater degree 
than the pressor reflexes. This can be understood in 
the light of the views expressed by I. A. Arshavskii [1], 
B. D. Kravchinskii [2], V. N. Chernigovskii [7] and 
others, that the depressor mechanisms are phylogeneti- 
cally younger than the pressor, and are consequently more 
susceptible to injury. In some experiments the depressor 
reflexes in response to stimulation of the central end of 
the vagus and aortic nerves were distorted with the back- 
ground of hypothermia. The most resistant of the de- 
pressor reflexes was the one which occurred in response 
to inflation of the lungs, although this, too, was con- 
siderably diminished during hypothermia. Further cool- 
ing of the animal to 20° led, as a rule, to the disap- 


pearance of all the vascular reflexes. 
In the animals in a state of hypothermia, the vas- 


cular reaction to acute asphyxia was also weaker than 
normal, and developed only after a prolonged latent 
period, 

A decrease in the various vascular reflexes during 
hypothermia has been described by many authors. T. 
V. Popova [3, 4}, for instance, observed a weakening 


of the interoceptive reflexes from the stomach and uri- 
nary bladder during general hypothermia(26°); Dubecz, 
Kertai, Kokas,and Ludany (cited by [8]), and also 

K. M. Mokhin and B, A. Saakov [5] described a consid- 
erable weakening of the pressor reflexes from the re- 
ceptors of tte carotid sinus; B, A. Saakov [6] observed 

a diminution of the vascular reflexes during hypothermia 
resulting from stimulation of the vagus and superior la- 
ryngeal nerves and also of the chemo- and mechano- 
receptors of the carotid sinus. 

The results obtained by these authors, like our own 
experimental findings described above, demonstrate that 
during hypothermia the reactivity of the vascular system 
is significantly depressed. This regularly applies during 
stimulation of different afferent links of the vascular re- 
flexes. 

Most authors who have studied the vascular reactions 
during hypothermia have, unfortunately limited them- 
selves to a plain statement of facts,without attempting 
to discover the mechanisms on which these changes are 
based. The reports in the literature of the role of the 
receptors, as the initial link in the reflex arc, in the 
changes in vascular control observed during hypothermia, 
do not give any clear idea of the actual state of affairs. 
K. M. Mokhin and B, A, Saakov [5], and B. A. Saakov 
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Fig. 2, Stimulation of the central end of the vagus nerve before (a) and dur- 
ing (b) the development of hypothermia. Significance of the curves as in 


Fig. 1. 


{6}, for instance, noted a decrease in the reflexes from 
the carotid sinus during hypothermia, and ascribed these 
changes to a lowering of the excitation of the carotid 
sinus receptors, although they did not conduct any direct 
investigations of the level of excitation of the receptor 
apparatus. T. V. Popova examined the effect of local 
cooling of the stomach and urinary bladder on the intero- 
ceptive reflexes from these organs by irrigating the in- 
terior of these organs with cold (4°) solution, and in these 
conditions observed weakening of the interoceptive re- 
flexes, although to a less pronounced degree than during 
general hypothermia (26°). No precise details were ob- 
tained of the temperature of the organ under study, al- 
though this was a decisive factor. 

More definite results were obtained in work by 
Malmejac and Neverre [8]. These authors perfused the 
isolated carotid sinus with cooled blood and observed 
that the reflexes from the pressure receptors were pre- 
served during cooling of the sinus to 29-202 Tournade 
and Dubreuil [9], however, who perfused the carotid si- 
nus with Ringer's solution at different temperatures, ob- 
served a decrease or the complete absence of the depres- 
sor reflexes from the cooled sinus at a perfusate tempera- 
ture of 20°. 
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In order to elucidate the role of the receptor link in 
these disturbances of control of vascular tone which are 
observed during hypothermia, we conducted a series of 
experiments ‘on the carotid sinus, isolated by Moiseev's 
method, which was perfused with Ringer's solution at a 
given temperature. The temperature of the solution 
entering the common carotid artery could be altered by 
means of a coil, immersed in either warm (39°) or cold 
(26-19°) water. The temperature of the fluid flowing 
from the carotid sinus was continuously measured by 
means of a mercury thermometer. The chemoreceptors 
of the carotid sinus were stimulated by means of injec- 
tion of solutions of adrenalin, nicotine,and acetylcholine 
of suitable concentration into the perfusion fluid, and the 
pressure receptors were stimulated by raising the pres- 
sure of the Ringer's solution in the sinus to 180 mm Hg, 
The initial magnitude of the vascular reflexes arising 
from the various forms of stimulation of the isolated 
carotid sinus were recorded during perfusion with warm 
solution. When the perfusion fluid was changed to 
Ringer's solution at a temperature of 26-19", i.e., the 
cooled solution, the blood pressure measured in the 
central segment of the carotid artery rose by 10-20 mm 
Hg and was maintained steadily at this level throughout 
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Fig. 3. Increase of pressure in the isolated carotid sinus before and during per- 
fusion with cold solution. Significance of the curves (from above down): 

arterial pressure, respiration, stimulation marker, time marker. The temperature 
of the fluid flowing out of the carotid sinus is indicated on the kymograms, 


the whole period of cooling of the carotid sinus. The 
carotid sinus reflexes were recorded 5-15 minutes after 
the beginning of perfusion with the cold solution. 

In some experiments the central end of the carotid 
artery was connected through the coil to the isolated 
carotid sinus, and the outflowing blood entered the jug- 
ular vein. The blood passing through the coil was cooled 
to 26-20°. In these conditions we studied the pressor 
reflex while the pressure within the carotid sinus was 
lowered before and during the cooling of the sinus 

The experiments on the cooled, isolated carotid 
showed that the receptors of the sinus suffered no de- 
crease in their sensitivity to the various chemical stim- 
uli and to changes in the intravascular pressure when 
cooled to 26-20°. On the contrary, within this range of 
temperature, the level of excitation of the receptors of 
the carotid sinus may even be higher than normal (Fig. 
3). The changes in the interoceptive vascular reflexes 
during hypothermia are ,therefore,not the result of a fall 
in the excitability of the receptors. 


SUMMARY 

The vascular reflexes were studied in dogs, cats , 
and rabbits during stimulation of the receptors of caro- 
tid sinus, lungs,and urinary bladder; the reflexes were 
also investigated during stimulation of the sensory nerves 
(vagus, aortic, sciatic), A marked reduction of all vas- 
cular reflexes was noted during hypothermia; they dis- 
appeared almost completely when the body temperature 
dropped below 20° C, 

Depressor reflexes were subjected to more rapid and 
profound depression than pressor. To investigate the role 
of the receptor link in the changes mentioned, experi- 
ments were carried out with the local application of 


cold upon the carotid sinus receptors. It was found that 
when cooled to a temperature of 20-26° C the carotid 

sinus receptors showed no reduction of their sensitivity 

either to various chemical stimulants or to changes in 

the intravascular pressure. On the contrary, within this 
temperature range the excitability of the receptor for- 
mations was even higher than normal. 
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During the last 50 years great attention has been 
paid to histamine, which plays an important part in phys- 
iological and pathological processes, The administration 
of large amounts of histamine causes a fall in the arterial 
pressure (histamine shock), and this, according to popular 
view, arises as a result of the direct action of histamine 
on the capillary endothelium [10, 16, 17]. This point of 
view of the nature of histamine shock leaves unanswered 
the question of the role of histamine as a reflex stimulus, 
Meanwhile, facts have been discovered which are incom- 
patible with the notion of histamine shock as the result 
of purely the direct injury to the capillaries [4,7, 11,12]. 

By making use of the early period of resuscitation 
after clinical death(as an experimental model)of an ani- 
mal in which the functional state of the central nervous 
system has been sharply modified [2,3,5,6,8,9,15], we 
investigated the effect of injection of shock-producing 
doses of histamine at different periods of restoration of 
the vital functions on the trend of recovery of the arterial 
pressure during resuscitation, 


METHOD 

Experiments were carried out on cats of both sexes, 
Clinical death was induced by bleeding. To prevent co- 
agulation of the blood, heparin "Richter* was injected 
in a dose of 200 units/kg. From 4 to 5 minutes after the 
last agonal gasp, resuscitation was instituted by V. A. 
Negovskii’s method,but without the addition of glucose 
and, in the great majority of cases, without adrenalin. 
Histamine was injected at different periods of resuscita- 
tion subcutaneously, in the animal's forelimb, in a dose 
of 0.23 ml of a 1% solution per kg body weight. The 
experimental animals were divided into 3 groups, The 
first group (10 cats) received histamine at the beginning 
of recovery of the functions of the bulbar division of the 
brain, when the arterial pressure had been restored, but 
the function of the respiratory center was still absent. 
In the next group (10 cats) histamine was injected after 
the development of spontaneous respiration of agonal 
type, and in the third group (10 cats) after further re- 
storation of the brain functions, when the respiration had 
acquired a periodic character. 
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RESULTS 


The administration of histamine to resuscitated cats 
in the period of artificial respiration, after restoration of 
the function of the vasomotor center, caused practically 
no pressor stage of the reaction, The subsequent sharp 
fall in the arterial pressure characteristic of histamine 
shock in healthy animals was not observed in this series 
of experiments (Fig, 1), The injection of histamine im- 
mediately after the appearance of spontaneous respiration 
of agonal type led,in a considerable proportion of the 
experiments,at first, to an obvious rise, and then to a 
sharp fall in the arterial pressure (Fig. 2); this fall, how- 
ever, developed less rapidly and was less pronounced 
than in the case of depression of the arterial pressure in 
healthy animals receiving the same dose of histamine. 
The changes in the arterial pressure when histamine 
was injected after the development of periodic respira- 
tion were characterized by a very slight pressor effect, 
giving way to an ill-defined depression of the arterial 
pressure (Fig. 3). The mean results are given in Table 1. 

One hour after resuscitation the arterial pressure in 
the animals was still not fully restored, irrespective of 
the time of injection of the histamine; its level was 
lower than the initial value (before exsanguination) by 
an amount 26-28% greater than in the resuscitated ani- 
mals not receiving histamine (see Table 1), 

The experiments confirmed the data relating to the 
increased resistance to histamine of animals resuscitated 
after clinical death [5], and also our own findings con- 
cerning the relationship between the appearance of a re- 
action to histamine and the degree of restoration of the 
brain functions [13], It was characteristic that the in- 
jection of histamine in early periods of resuscitation led, 
despite the insignificant reaction, to the subsequent (1 
hour after resuscitation) manifest delay in the normal- 
ization of the arterial pressure, This prompts the question 
of the state of the histamine — histaminase system at 
this period of restoration of the vital functions after 
clinical death — a system which is connected, in partic- 
ular, with the level of secretion of the corticoids, for we 
know that the adrenal cortical hormones diminish the 





sensitivity of the body to histamine (20, 21] by their in- 
fluence on the activity of the enzyme histaminase [18, 
19}. 

In order to study the role of the corticoids in the 
pattern of restoration of the arterial pressure of the re- 
suscitated animal receiving histamine, we conducted 
special experiments, 

Bilateral adrenalectomy was performed on cats in 
sterile conditions, In the first series of experiments (30 
cats),17-18 hours had elapsed after operation; in the 
second series (30 cats),the animals had received corti- 
sone (10 mg/kg once a day) for three days after adrenal- 
ectomy. The last injection of cortisone was given 24 
hours before the experiment. The mineral balance and 
nutrition were maintained by the introduction of milk 
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Fig. 1. Reaction of a 


and a salt mixture through a tube, The experiments 
were thus carried out on the animals 4 days after adrenal- 
ectomy; this diminished the consequences of trauma due 
to the operation. Resuscitated, adrenalectomized ani- 
mals of the two series, together with the resuscitated an- 
imals with intact adrenals from the experiments de- 
scribed above, were divided into three groups in ac- 
cordance with the period of administration of histamine 
(10 cats in each group), 

The experiments confirmed our previous findings 
(14] that adrenalectomy does not intensify the initial 
phase of the reaction to histamine in animals in early 
periods of restoration of the vital functions after clinical 
death; this applied particularly clearly to the period of 
artificial respiration (Table 2). 
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resuscitated animal (cat, weight 2.45 kg) to histamine 


(2.3 mg/kg), injected before the development of spontaneous respiration (artificial 
respiration), a) Bleeding, onset of clinical death; b) beginning of resuscitation; 
c) 27 min 40 sec after beginning of resuscitation; d) 45 min after; e) 63 min 
40 sec after. Significance of the curves (from above down): respiration, arterial 
pressure, Zero line, time marker (10 seconds), 
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Fig. 2, Reaction of a resuscitated animal (cat, weighing 2.3 kg) to histamine (2.3 
mg/kg), injected after the development of spontaneous respiration of agonal type. 

a) Bleeding, onset of clinical death; b) beginning of resuscitation; c) 17 min 30 sec 
after beginning of resuscitation; d) after 27 min 42 sec; e) after 55 min 30 sec; 

f) after 73 min 10 sec. Significance of the curves as in Fig. 1. 


It can be seen from Table 2 that the administration 
of histamine in the early period of resuscitation during 
artificial respiration led, in spite of the preliminary ad- 
renalectomy, to a fall in the arterial pressure to 90-95% 
of the initial value, i.e., just as slight a fall as in the 
resuscitated animals with intact adrenals (see Table 1). 

Preliminary removal of the adrenals also had no 
significant effect on the pattern of the reaction after ad- 
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ministration of histamine in different periods of resusci- 
tation, For instance, after the development of spontane- 
Ous respiration of agonal type (20 experiments) and of 
periodic respiration (20 experiments) the depression of 
the arterial pressure became more pronounced, but it 

did not reach the degree characteristic of histamine 
shock, The administration of histamine was, however, 
reflected in the pattern of restoration of the arterial pres- 
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Fig, 3, Reaction of a_ resuscitated animal (cat, weight 2 kg) to histamine (2.3 mg/kg), 
injected after the development of periodic respiration, a) Bleeding and onset of clinical 
death; b) 8 min 10 sec after the beginning of resuscitation; c) after 32 min 20 sec; 


d) after 54 min 50 sec; e) after 1 hr 25 min 10 sec. Significance of the curves as in Fig, I, 


sure in the adrenalectomized animals of both series, dis- 
turbing its course and hastening the death of the animals 
(see Tables 2 and 3). 

The duration of life and the degree of normalization 
of the arterial pressure of the adrenalectomized animals 
following administration of histamine at different periods 
of restoration of the vital functions after clinical death 
are shown in Table 3, 


SUMMARY 

Experiments were performed on animals revived af- 
ter Clinical death by V. A, Negovskii's method, with a 
view to studying their reaction to shock-producing doses 
of histamine. It appeared that in these animals the sen- 
sitivity to histamine was decreased and varied, depending 
on the period of brain function restoration, Histamine 
inhibited the normalization of arterial blood pressure in 
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TABLE 1. Changes in the Arterial Pressure Following Injection of Histamine at Differenn 


Periods of Restoration of the Vital Functions 


after Clinical Death 


Period of resuscitation to moment of injection 
of histamine 


time (in min) 
onset of 


Arterial pressure 


from] after histamine(as % | 1 hr after 
of level at moment resuscitation 
of injection) (as % of level 


Character of respiration |Tesusci- |sponta- before ex- 


tation neous elevation fall to 
respira- to 


tion 


URES 46 a 08 

Agonal type 

,  WETPeroreree 

Control (healthy animals). . 

Control (resuscitated animals 
not receiving histamine). . 


sanguination) 


TABLE 2. Reaction of Adrenalectomized Animals, 
Resuscitated after Clinical Death, to Administration of 
Histamine during the Period of Artificial Respiration 


Resuscitation after 


adrenalectomy 


Administration of 
cortisone 


After 17-18 hours 
After 4 days 
After 17-18 hours 


After 4 days 


animals after clinical death, notwithstanding the fact 
that the initial phase of the action of the preparation was 
weak, Preliminary adrenalectomy fails to enhance the 
manifestations of the first (reflex) phase of histamine re- 
action, Another characteristic feature of the adrenal- 
ectomized animals is intensification of the second (humor- 
al) phase, and these animals die sooner following admin- 
istration of the preparation. This is evidence of the 
enhanced effect of the direct action of the drug on the 
vessels when secretion of corticoids is deficient. During 
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Arterial 
after histamine(as 
% of thatat the 
moment of injec- 
tion) 
elevation fall 

to to 


lhr afterresusc 
tation (as % of 


level before 
clinical death). 


102 95 

103 90 
Control (animals 
not receiving 
histamine) 

The same 


the resuscitation of the animal after clinical death and 
in the treatment of prolonged terminal states, in view of 
the possible liberation of histamine as a result of the 
marked anoxia it is evidently desirable to administer 
adrenal cortical hormone preparations. 

The participation of two components—reflex and 
humoral—in the pathogenesis of histamine shock must 
be recognized, The reflex component is associated with 
stimulation of receptors, and the humoral with the direct 
action of histamine on the vessels. 





TABLE 3, Reaction of Adrenalectomized Animals, Resuscitated after Clinical Death, to Histamine 


Resuscitation after adrenalectomy 


Character of 
respiration dur- 
ing injection of 
histamine 


Time after 
adrenalectomy 


Administration 
of cortisone 


Artificial Total 


Survived 


Died 
Total 


Survived 


Died 


Convulsive, Total 


agonal type 
Died 
Total 


Survived 


Died 


Total 


Survived 


d 
Periodic Died 


Total 


Survived 


Died 


Control(resusci-| Total 
tated animals 
not receiving 


histamine)* 


Died 
Tota! 


Survived 


Survived 


1 hr after resuscitation 


No, of animals 


10 
10 


10 


Survived 10 


Died 


Duration of 
survival after 
resuscitation 


Arterial pres- 
(mean) 


sure (as ‘/o of 
level before 


clinical death 
1 hr 15 min 


1 hr 30 min 


1 hr 22 min 


2 hr 14 min 


1 hr 35 min 


1 hr 40 min 


* The control series of experiments (20 animals) was conducted jointly with M, G, Kolpakov and M, G, 


Polyak [1]. 
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There are several reports in the Soviet and foreign 
literature that the vascular reflexes may vary with the 
degree of oxygen deficiency [1-6, 9, 10, 12, 13, and 
others]. Although these workers cited studied the vascu- 
lar reflexes in the most widely different types of oxygen 
deficiency (acute blood loss, asphyxia, poisoning with 
cyanides, sodium nitrate, and so on), the identity of the 
disturbances of these reflexes could not fail to be ob- 
served; distorted reflexes were found, with balancing 
and paradoxical phases; as the oxygen lack deepened, the 
magnitude of the reflexes decreased gradually,and finally 
they disappeared altogether, 

The aim of the present investigation was to study the 
importance of a reduction in the hemoglobin concen- 
tration and the number of red cells in the blood in the 
functional disturbances of certain divisions of the central 
nervous system, This problem has not received its right- 
ful attention in the literature, 


METHOD 

Experiments were carried out on 4 dogs: chronic 
posthemorrhagic anemia induced in two of them (Naida 
and Belka), and phenylhydrazine in two (Chernukha and 
Abrek). The unconditioned and conditioned vascular re- 
flexes were studied by means of a pneumatic plethysmo- 
graph [11] from the dog’s left thigh in recumbency. Res- 
piration was recorded on an ordinary pneumograph. Be- 
fore induction of anemia, a definite stereotype of orien- 
tational and unconditioned vascular reflexes to cold 
(0-& and 20°), heat (42-44°),and pain in the form of a 
series of pricks with a needle, was studied in the dogs, 
A system of positive and negative conditioned reflexes 
was next developed to the same unconditioned stimuli in 
combination with various colored lamps and a bell of 
medium loudness, and the magnitude of the respiratory 
reflexes to the intravenous injection of 0.5 cm® of a 1% 
solution of lobeline was studied. 

Orientational vascular reflexes in dogs to the novelty 
of the laboratory conditions appear on the plethysmo - 


grams as spontaneous or “third order” waves, which are 
recorded in addition to the pulse and respiration waves, 
for the origin of which the cerebral cortex is chiefly re- 
sponsible [8], As the animals become accustomed to the 
laboratory and experimental conditions, this fluctuation 
gradually diminishes, and the vascular curve becomes al- 
most horizontal, In our experiments, we were unable to 
obtain horizontal (zero) plethysmograms, but were limit- 
ed to 4-7 experiments only, in the course of which the 
fluctuation became less pronounced in three dogs, and 
only in one did the initial background of the plethysmo- 
gram become of zero type. 


RESULTS 

The results of the investigation of the unconditioned 
reflexes in all the dogs before anemization demonstrated 
that the depth of the fall in the plethysmograms during 
constriction of the vessels in response to the application 
of pain and cold stimuli, and the height of its rise during 
dilation of the vessels in response to the action of heat, 
as well as the duration of the reflexes, were dependent 
on the character and strength of the unconditioned stim- 
ulus. For instance, cold (0-5°) and pain caused vascular 
reactions of considerable magnitude, with a depth of fall 
of the plethysmograms of 9-20 mm and a duration of 
35-60 seconds. Cold (20°) caused a correspondingly less 
pronounced vasoconstricting reaction, The heat stimulus 
(42-44°) at first caused orientational vasoconstricting re- 
actions, and after 7-18 applications, a persistent vaso- 
dilatator effect, which raised the level of the plethysmo- 
gram by 6-18 mm for a period of 30-50 seconds. The lat- 
ent period of the reflexes varied between 1 and 5 seconds. 

The vasoconstrictor conditioned reactions to the com- 
bination of indifferent stimuli with cold (0-5 and 20°) 
and pain appeared at the sixth to twelfth combination, 
but were firmly consolidated only after the 18th-25th 
combination (see figure), If two conditioned light sig- 
nals were combined with unconditioned stimuli of dif- 
ferent strength (cold, 0-5 and 20°), then,when these 





signals were applied in isolation,they were accompanied 
by vascular effects of different magnitude. The vaso- 
constrictor conditioned reflex was firmly established af- 
ter 17-25 combinations with heat. A differential signal, 
introduced into the investigation, was converted into a 
negative signal after 8-15 applications in isolation. All 
the adequately consolidated conditioned reflexes were 
approximately of the same magnitude as the reactions 

in response to the action of the unconditioned stimuli 
with which the conditioned signals were combined, The 
latent period of the conditioned reflexes was 1-4 seconds. 

In all the dogs the intravenous injection of lobeline 
caused reflex excitation of the respiratory center, which 
was shown on the pneumogram by the strengthening and 
the increased frequency of the respiratory reactions, 

Alter sufficient attention had been paid to the study 
of the orientational, the unconditioned and conditioned 
vascular, and,also,the respiratory reflexes in the animals, 
the investigations were continued against a background 
of gradual anemization and the converse restoration of 
the hemoglobin level and the red cell count, 

A fall in the hemoglobin concentration to 60-55% 
and a decrease in the number of red cells te approximate- 
ly 3,000,000 caused a considerable disturbance of the 
conditioned reflexes, as shown by the disinhibition of 
differentiation. Under these circumstances the positive 
conditioned reflexes were not perceptibly affected, apart 
from individual reflexes which were very slightly de- 
creased in magnitude,or distorted. The unconditioned 


vascular reflexes remained within normal limits. During 
anemization in dogs, disturbances of conditioned reflex 
activity thus develop significantly earlier than changes 
in the unconditioned reflexes. 

Within the limits of this degree of anemization, the 
vascular orientational reflexes were characterized by a 
moderate, constant fluctuation of the plethysmograms. 

As the degree of anemia increased (the hemoglobin 
level falling to below 60-55% and the red cell count to 
less than 3,000,00Q as a rule,the magnitude of the con- 
ditioned vascular reflexes gradually decreased (see fig- 
ure, b); they were produced extremely inconstantly, 
their latent period was considerably lengthened (to 4-8 
seconds instead of a normal 1-4 seconds), and balancing, 
paradoxical and ultraparadoxical phases developed. The 
disturbances in the conditioned reflexes listed above were 
most marked in the period of fall in the hemoglobin 
concentration from 50 to 30% and decrease in the red 
cell count from 3,200,000 to 1,500,000. The dogs in this 
stage of anemization showed a characteristically rapid 
fatigue of the cortical cells, which was revealed as a 
considerable decrease in magnitude of the conditioned 
reflexes, or even their complete disappearance during 
one experiment, 

At the upper levels of this degree of anemization 
(hemoglobin 55-45%, red cells 3,300,000 = 2,200, 000) 
only in individual cases were the unconditioned reflexes 
diminished in size or distorted: heat caused constriction, 
and cold — dilation, Particularly severe disturbances of 
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Vascular reflexes during anemization, a) Conditioned vasoconstrictor reflex after 22 com- 
binations of the bell with pain, Dog Belka, experiment no, 16, Nov, 29, 1956; b) dimin- 
ished conditioned reflex (hemoglobin 32%, red cells 2,000,000), Dog Belka, experiment 
no, 47, Feb. 4, 1957; c) absence of conditioned vascular reflex (hemoglobin 26%, red 
cells 1,700,000), Dog Belka, experiment no, 48, Feb, 5, 1957. Significance of the curves 
(from above down): plethysmogram, pneumogram, conditioned signal marker, time 


marker ( 1 second ), 





the unconditioned vascular reflexes were observed during 
a fall in the hemoglobin concentration from 45 to 35% or 


below, and in the red cell count from 2,700,000 to 
1,700,000 or below, These pathological changes in the 
reflexes took the form of a gradual decrease in their 
magnitude, with a lengthening of their latent period 
(sometimes to 9 seconds) as the degree of anemization 
increased, and of the appearance of balancing and para- 
doxical phases. In severe anemia (hemoglobin 35-30%, 
red cells 2,300,000 - 1,500,000) the magnitude of the 
unconditioned vascular reactions at the end of one in- 
vestigation fell sharply so that the reflexes completely 
disappeared, This fact is evidence of the rapid fatigue 
of the cells of the vasomotor center, 

At this degree of anemia, in the majority of cases, 
the orientational vascular reflexes were zero in type,or 
preserved only a trace of fluctuation. 

The conditioned vascular reflexes completely dis- 
appeared in 3 dogs when the hemoglobin concentration 
fell to 30-28% and the red cell count to 1,800,000 - 

- 1,700,000 (see figure, c), and in the fourth (Abrek), 
when the hemoglobin level fell to 25-24% and the red 
cell count to 1,300,000, At this degree of anemia the 
unconditioned reflexes were still present. The vascular 
reflexes to the unconditioned stimuli disappeared with 
a further increase in the degree of anemization in three 
dogs in which the hemoglobin concentration fell to 24- 
-22% and the red cell count to 1,500,000 - 1, 300,000, 
and in the fourth (Abrek), when the hemoglobin concen- 
tration fell to 17% and the red cell count to 900,000, 

It must be emphasized that the vasodilator uncom 
ditioned and conditioned reflexes were particularly 
vulnerable in anemia; they either changed to vasocon- 
strictor,or were completely absent. Instability of the 
conditioned vasodilator reflex was apparent when the 
hemoglobin concentration had fallen only to 60-50% and 
the red cell count to 3,600,000 - 2,500,000. The un- 
conditioned vasodilator reflexes were disturbed at a 
more marked degree of anemia, but much earlier than 
the unconditioned vasodilator reflexes. When the hemo- 
globin level had fallen below 35-30% and the red cell 
count below 2,300,000 - 1,500,000, we were,in general, 
unable to detect dilatation of the vessels in response to 
the heat stimulus, 

The magnitude of the respiratory reflexes to the in- 
jection of lobeline gradually decreased as the degree of 
anemization deepened, although their complete dis- 
appearance was not observed at levels of the hemoglobin 
and red cell count at which the vascular reflexes were 
absent. It may be assumed that this decrease in the mag- 
nitude of the respiratory reflexes to lobeline in anemia 
is associated with a lowering of the excitability of the 
respiratory center, 


The dogs’ behavior also changed during anemization. 


When the hemoglobin concentration had fallen below 
45-35% and the red cell count below 2,700,000 = 


- 1,700,000,the animals became sluggish, lethargic,and 
indifferent to their surroundings, took part reluctantly in 
the investigation,and occasionally fell asleep during an 
experiment. As the state of anemia was corrected,and 
as a result of regeneration of the red cells,there was a 
gradual restoration of reflex activity and normalization 
of the animals’ behavior, 


SUMMARY 

Vascular and respiratory reflexes are disturbed in 
anemized dogs, The first to be disturbed are the con- 
ditioned vascular reflexes; with a more considerable 
anemization the unconditioned also become impaired, 
With a gradual reduction of the amount of hemoglobin 
and red cells, these disturbances follow a definite se- 
quence; they start with disinhibition of differentiation, 
reduction of the reflex value,and prolongation of the 
latent period; later, the reflexes are perverted and be- 
come phasic in character; when the hemoglobin level 
reaches 30-24% and 24-17%, the number of red cells 
being 1.8-0.9 million, the conditioned,and then the un- 
conditioned,reflexes disappear completely. Gradual 
anemization is also attended with a decrease of respir- 
atory reflexes to lobeline administration, 
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It has been shown by experiments in vitro that bar- 
biturates have the property of inhibiting respiration and 
phosphorylation in the tissue of the brain and other organs 
(4, 18}, During sleep or barbiturate narcosis, however, 
instead of a fall in the content of high-energy phosphorus 
compounds in the tissues (as might have been expected) 
on the contrary, an increase in the content of ATP [6] and 
phosphocreatine [1] is observed, We accordingly investi- 
gated the effect of a barbiturate on oxidative phosphory- 
lation in nerve tissue, changes in the functional condition 
of which could be recorded. The tissue selected was the 
superior cervical sympathetic ganglion of the cat, and 
the depression of the function of the ganglion after ad- 
ministration of the narcotic (sodium amytal) was re- 
corded mechanographically. 

Information on the metabolism and composition of 
the superior cervical ganglion is scanty, apart from a 
fairly large volume of research into the mediators of 
nerve excitation, The respiration of the sympathetic 
ganglion was investigated by Larrabee [9] by means of 
a platinum electrode, and it was found that the intensity 
of oxygen absorption by the ganglion in the presence of 
glucose was several times greater than the respiration 
of peripheral nerve, but did not reach the intensity of this 
process in the cerebral cortex. A comparatively high 
glycogen content [10, 20] and an intensive process of 
glycolysis [7, 16, 17] have been found in the superior 
cervical ganglion, The presence has been demonstrated 
of phosphorus compounds, including an adenylic system 
(2, 8],and of certain enzymes of phosphorus metabolism 
~ adenosinetriphosphatase [3] and acid and alkaline phos- 
phatase [11, 20}. 

In the present paper findings are presented relating 
to the action of sodium amytal on respiration and phos- 
phorylation of the ganglion tissue, investigated in a War- 
burg apparatus, 


METHOD 
Cats were anesthetized with urethane and the super- 
ior cervical ganglia extracted, weighed, sliced longitud- 
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inally,and placed in an incubation mixture in the flask of 
a Warburg apparatus, The usual weight of the ganglion 
was 10-13 mg. In order to detect the absorption of oxy- 
gen by such a small quantity of tissue, special vessels 
were used with a volume of about 3 ml, which led toa 
three- to fivefold increase in the sensitivity of the meth- 
od by comparison with experiments using the vessels of 
normal capacity. The volume of the incubation mixture 
in the vessel was 0,3 ml, and in the central portion of 
the vessel was added 0,1 ml of alkali. Incubation was 
continued for 30 minutes at 36°. The vessels were satu- 
rated with oxygen or nitrogen depending on the aim of the 
experiment, 

For the estimation of phosphorylation the incubation 
mixture contained (in mM/ ml) a-ketoglutaric acid neu- 
tralized with NaOH (20), MgCl, (10), KC1(13), ATP (1), 
sodium salt of ethylenediaminotetraacetic acid (1), 
KgHPO, (15), NaF (20) and glucose (20), The mixture 
also contained hexokinase (0,1 ml of the enzyme per 
sample), which was obtained by the method of Berger and 
co-workers [13], the isolation being carried as far as 
stage 3a, 


The decrease in mineral phosphorus was determined 
by the difference between its content in the test samples 
before and after incubation, and in certain experiments 
two tests were performed before incubation: 1) 0.3 ml 
of incubation mixture + 0,3 ml 5% trichloroacetic acid, 
and 2) 0.3 ml of mixture + 0.3 ml 5% trichloroacetic 
acid + ganglion, The P content in the two samples be- 
fore incubation was identical to within 5 pg (see Table 
2), and only the former was therefore performed in the 
experiments with sodium amytal. After incubation 0,3 
ml 5% trichloroacetic acidwas added. The contents of 
the experimental and control vessels were transferred to 
0.6 ml of 2.5% trichloroacetic acid ina mortar, the 
ganglion was macerated, and the suspension centrifuged. 
The mineral phosphorus content of the trichloroacetic 
extract was determined by the method of Berenblum and 
Chain [12]. 





TABLE 1, Respiration and Phosphorylation in 
the anperien Cervical Ganglion of the Cat 
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TABLE 2. Content of Mineral Phosphorus (in pg) in Sam- 
ples after Incubation of the Ganglion in Anaerobic Con- 
ditions 
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During extraction with butanol, the test tube con- 
tained 0,2 ml trichloroacetic extract, 2.2 ml butanol, 
0.4 ml ammonium molybdate, and 1.6 ml water, The 
colorimetric test with SnCl, was performed on 0,5 ml 
of butanol extract, Sodium amytal was injected intra- 
venously in the form of a 1% solution, slowly and in as- 
sociation with artificial respiration, The physiological 
state of the ganglion was estimated mechanographically 
by the reaction of the nictitating membrane to stimulation 
of the preganglionic trunk of the sympathetic nerve with 
the electric current, The source of current was an elec- 
tronic stimulator generating impulses with a duration of 
0.5 millisecond and a frequency of 25 cps, The stimu- 
lation lasted 10 seconds,and the intervals between stimuli 
were of 3-5 minutes. 

RESULTS 

The determinations of the endogenous respiration of 
the ganglion in an incubation mixture containing only 
NazHPO, (5mM), MgCl, (10 mM),and NaCl (148 mM) 
showed that in these conditions the ganglion tissue is 
capable of absorbing oxygen at a constant rate for several 
hours. The mean value of Qo, for 6 experiments was 
4.1, The addition of 20 mM of glucose stimulated. 
respiration, and the mean value obtained in these 


circumstances (QQ, = 5.3) was somewhat higher than that 
found by Larrabee for the superior cervical ganglion of 
rats by means of the platinum electrode, The addition 
of other oxidation substrates-pyruvic acid (5 mM),to- 
gether with malic (2 mM) or ketoglutatic (20 mM)~also 
stimulated the absorption of oxygen by the ganglion , 
although in these experimental conditions the absorption 
of oxygen was not accompanied by absorption of mineral 
phosphorus from the incubation medium, 

To detect the presence of phosphorylation, the tissue 
was incubated with hexokinase and glucose as a phosphate 
group acceptor, and with fluoride to depress the phos- 
phatases present in the ganglion, The composition of the 
incubation mixture was close to that used by Case and 
Mcllwain for the investigation of oxidative phos- 
phorylation in a brain homogenate [15]. As substrate we 
used ketoglutaric acid, The results obtained are shown in 
Tables 1 and 2, As may be seen from Table 1, in an at- 
mosphere of oxygen,consumption of mineral phosphorus 
from the incubation medium took place, to the extent 
of 0.7 ug-atoms per ganglion, on the average. 

In the experiments in which no hexokinase was added, 
phosphorylation did not always take place, If no fluoride 
was added to the incubation mixture, an increase in in- 
organic phosphorus was observed, 

It must be pointed out that consumption of mineral 
phosphorus took place when its content in the incubation 
mixture was comparatively high-about 5yg-atoms, The 
initial phosphorus concentration, however, could not be 
decreased, for a lowered content in the mixture led to 
a fall in the intensity of phosphorylation, Special experi- 
ments of a methodic character showed that against this 
background changes in the inorganic phosphorus content 
could readily be detected, starting from 5 1g. Values of 
consumption of phosphate exceeding this amount could 
therefore be regarded as significant. 


It may be seen from Table 2 that no consumption 
of phosphorus took place in an atmosphere of nitrogen, 
but that a slight increase in its content was observed, 
The absence of phosphorylation in anaerobic conditions 
showed that the consumption of phosphorus in an atmos- 
phere of oxygen cculd be attributed to oxidative phos- 
phorylation, 


In the next series of experiments,we investigated the 
effect of sodium amytal on oxidative phosphorylation in 
the ganglion tissue, Sodium amytal has the strongest 
ganglion-blocking properties of the narcotics [4,9], The 
block due to sodium amytal passed off rapidly (Fig. 1,b). 
and repeated injections of the bartiturate were required 
in order to sustain it. For determination of respiration 
and phosphorylation, ganglia were extracted at dif- 
ferent periods after a complete block of transmission had 
been obtained, Another ganglion,extracted from the 
same cat before administration of sodium amytal,served 
as a control, As a first step it was established that the 
values of respiration in the right and left ganglia were 
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Fig. 1, Effect of sodium amytal on the transmission of impulses through a 
ganglion, a)A single injection of sodium amytal (30 mg/kg body weight); 
b) repeated injection of sodium amytal. Significance of the curves (from 
above down): contraction of the nictitating membrane, stimulation marker, 
time marker (0.5 second), The arrows denote injection of sodium amytal,and 
the figures,the dose in mg/kg body weight. 


closely similar, and that the stimulation to which the 
experimental ganglion was usually subjected did not af- 
fect respiration and phosphorylation, 

A single injection of sodium amytal in a dose of 30 
mg/kg caused a transient block of transmission(Fig. 1, a) 
and considerable depression of respiration for the first 10 


minutes of incubation (Fig. 2, a), after which it recovered, 


A more prolonged depression of transmission was achieved 
by the repeated administration of sodium amytal (Fig. 1, 
b). In spite of the large amounts of barbiturate injected, 
the same results were obtained as after a single injection 
— depression of respiration at the beginning of incuba- 
tion and subsequent recovery (Fig. 2, b). 

The findings with respect to respiration and phos- 
phorylation in the experimental and control ganglia 
throughout the period of incubation are given in Table 


i yy: a me 


Fig. 2. 


Effect of sodium amytal on absorp- 
tion of oxygen by the ganglion in the full 
incubation mixture. 1) Before injection of 
sodium amytal; 2) after injection; a) dose 
of 30 mg/kg injected; b) dose of 70 mg/kg 
body weight injected, 


3. It may be seen from this table that the consumption 
of mineral phosphorus in the control and experimental 
ganglia of the same animal was equal, although the level 
of phosphorylation in the individual animals differed 
very greatly. The experiments in an atmosphere of ni- 
trogen showed that anaerobic phosphorylation was not 
present in the ganglion after administration of sodium 
amytal, The respiration of the experimental ganglion 
throughout the period of incubation was, on the average, 
10% lower than that of the control. Since the margin of 
error of determination of phosphorus consumption was 


li 
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Fig. 3. Effect of sodium amytal (70 
mg/kg) on absorption of oxygen by the 
ganglion in an incubation medium con- 
taining NaCl, KgHPO, and ketoglutaric 
acid. 1)Before injection of sodium 
amytal; 2) after injection. 





TABLE 3. Respiration and Phosphorylation in the Superior 
Cervical Ganglion of the Cat after Administration of 
Sodium Amytal (in pg-atoms /10 mg tissue) 
"|Duration of |Absorption of O,;Consumption of P 
block (in = 
minutes) 


Dose of 
sodium 
amytal 


(in mg/kg 


control experit 
ment 


|experi- 
| nent 


control 


0,47 


No block 45 0,45 


} 
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50 40 | 
47 40 
54 56 
51 46 | 
54 52 | 
40 ,30 
.59 54 
1, 60 54 


0,40 
0,38 
0,70 
0,53 
0,30 
0.20 
0,26 
0,60 








high, a decrease of respiration by 10% could not be re- 
flected in the magnitude of phosphorylation, It may, 
however, be concluded from the data on phosphorylation 
that, in spite of the high doses of sodium amytal and the 
complete inactivation of the ganglion, sodium amytal 
had no inhibitory action, It should be mentioned that in 
the few experiments in which the effect of barbiturates 
has been studied in vivo, no inhibitory action of the drugs 
has been found ,either [5, 14]. 

Sodium amytal causes a readily reversible block of 
transmission, accompanied by a transient fall in respira - 
tion. The restoration of respiration after the block may 
be connected with the presence of substances in the in- 
cubation mixture which have a favorable influence on 
this process and, in particular, on phosphorylation (KCl, 
ATP, glucose—hexokinase, versene). Experiments were 
accordingly carried out with a simplified incubation 
mixture and an increased sodium content (NaC1-148 mM, 
K,gHPO,-15 mM, ketoglutaric acid- 20 mM), As may 
be seen in Fig. 3, the same result was obtained as with 
the full mixture - an almost complete cessation of oxy- 
gen absorption was observed during the first ten minutes, 
after which the initial rate of respiration was restored, 


SUMMARY 


Respiration (studied manometrically) and phos- 
phorylation were investigated in the tissue of the superior 
cervical sympathetic ganglia of cats, Reduction of the 
mineral phosphorus was determined in the presence of 
&-ketoglutaric acid and fluoride; hexokinase and glu- 
cose served as phosphate group acceptors, Reduction of 


the mineral phosphorus was observed in an atmosphere 
of oxygen; no binding of the phosphate occurred in 
anaerobic conditions, 

Sodium amytal blocking of excitation transmission 
through the ganglion induced a strong short-term inhibi- 
tion of the oxygen absorption. Since the rate of respira- 
tion was later restored, the respiratory values, and espe- 
cially those of phosphorylation, measured during the 
whole period of incubation (30 minutes), did not materi- 
ally differ. 
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Previous research has shown that the phosphorol ysis 
of glycogen in the limb muscles of rabbits is severely re- 
tarded after the application and removal of a hemostatic 
tourniquet [1]. The principal pathogenetic factors causing 
metabolic changes in the tissues isolated by the tourni- 
quet are hemostasis and disturbance of the nervous con- 
trol of the tissues of that part of the limb below the site 
of constriction, It has been shown that the application of 
a tourniquet to a limb is accompanied by severe function~- 
al disturbances of the nerves of the limb compressed by 
the tourniquet [2, 6, and others]. D. M. Gzgzyan [3, 4, 
5], Bird, BOki, and Kov4ch [8], and other authors have 
established that marked changes take place in animais 
as a result of the application and removal of tourniquets, 
including effects on the functional state of the central 
nervous system. 

Since the intensity of tissue metabolism depends on 
the regulating influence of the central nervous system, 
we considered it profitable to investigate the pathogene- 
sis of the disturbances of the process of phosphorolysis in 
the muscles after the application and removal of a tourni- 
quet, and to study the activity of the muscle phosphory- 
lase in these conditions in relation to the initial function- 
al state of the central nervous system, The effect of ap- 
plication and removal of a tourniquet on the activity of 
the muscle phosphorylase in rabbits was studied in two 
series of experiments in different functional states of the 
central nervous system: when awake,and during drug- 
induced sleep following administration of sodium-amytal. 


METHOD 


Experiments were carried out on 42 rabbits weighing 
2-3 kg. The phosphorylase activity was determined by 
estimating the amount of inorganic phosphorus utilized 
in the formation of hexosephosphate esters during the 
phosphorol ysis of glycogen added to a muscle extract, 
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The incubation mixture consisted of 1 ml of muscle ex- 
tract, 2 ml of a M/15 solution of phosphate buffer (pH 
7.5), 0.2 mi of a 0.5 M solution of fluotide,and 0.5 ml 
of glycogen solution (40 mg). To control flasks an equal 
volume (3.7 ml) of 10% trichloroaceticacid solution was 
at once added, The precipitated proteins were separated 
by filtration nd the inorganic phosphorus content of the 
filtrate was determined by the method of Lowry and 
Lopez. The experimental flasks were placed in a water 
bath at 38° for 30 minutes, and after incubation were 
treated in the same way as the controls, The phosphoryl- 
ase activity was judged by the amount of inorganic phos- 
phorus used up from the reagent mixture, expressed in mg. 
The reliability of the mean values obtained in all the 
series of experiments was determined by means of the 
method of variational statistics [7]. 
RESULTS 

In the first series of experiments we investigated the 
phosphorylase activity in an extract prepared from the 
symmetrical muscles of the right and left femoral regions 
of normal rabbits. These investigations showed that the 
magnitude of the decrease in inorganic phosphorus in 
the sample under the influence of muscleextracts of 
symmetrical limbs of normal rabbits was insignificant. 
The decrease in inorganic phosphorus during incubation 
for 30 minutes of an extract obtained from the muscles 
of the right limb, for instance, was 8.13 mg, and that dur- 
ing incubation of an extract from the left limb, 8 mg. 
The individual variations in the phosphorylase activity in 
the various animals were fairly considerable (the decrease 
in the inorganic phsophorus in the incubation medium 
varied between 6.48 and 10.16 mg, 

Having established the mean value of the activity 
of the muscle tissue phosphorylase in normal rabbits, in 
the next series of experiments we determined the changes 
in these values in an extract of the limb muscles of rab- 





bits subjected to application of the tourniquet. As a tour- 
niquet,we used an elastic rubber tube with a diameter of 
about 0.5 cm. In all the experiments the tourniquet was 
applied to the middle third of the right thigh for 4 hours, 
some animals being in a waking state and others in a 
state of sleep induced by the subcutaneous injection of 
sodium amytal (in a dose of 100 mg/kg body weight), 
The phosphorylase activity was determined both during 
compression of the limb with the tourniquet and after re- 
moval of the tourniquet. During the period of restoration 
of the phosphorolytic activity of the muscle extracts, this 
was investigated 3 and 24 hours after removal of the tour- 
niquet. 

In all the experiments the phosphorylase activity was 
determined in the extract of the muscles of the right 
thigh, on which the tourniquet was applied, and also of 
the left, intact thigh, acting as a control for each animal. 
The results obtained(mean values) are shown in the form 
of a comprehensive table. The mean values were de - 
duced from 5-7 individual experiments, and their reli- 
ability was determined by treating the experimental re- 
sults by the method of variational statistics [7]. 

The figures given in the table show that the phos- 
phorylase activity in the extracts of the limb muscles of 
the rabbits,to which a tourniquet was applied (for 4 hours) 
in a state of sleep,was reduced, The decrease in inorgan- 
ic phosphorus in the sample,after incubation of glycogen, 
with extract of the muscles below the site of application 
of the tourniquet, was,on the average,4,.59 mg, and with 
extract of intact muscles ~ 8.04 mg. The phosphorolytic 
activity of the muscle extracts of the experimental limb 
was decreased by 43% by comparison with those of the in- 
tact and normal limbs, If the results of the experiments 
with and without sodium amytal are compared, it will be 
seen that the difference in the phosphorolytic activity of 
the extracts of muscles below the site of application of 
the tourniquet between the two groups of rabbits was in- 
significant (the decrease in inorganic phosphorus in the 
first case was,on the average, 4.59 mg, and in the sec- 
ond case,4,11 mg). Consequently, the inhibition of the 
central nervous system caused by administration of the 
hypnotic was not essentially reflected in changes in the 
phosphorylase activity of the muscle extract obtained af- 
ter compression for 4 hours, Comparison of the phos- 
phorylase activity of the muscle extracts of the intact 
limbs, on the other hand, shows that this value differed 
considerably in the sleeping and waking animals, For in- 
stance, whereas the phosphorolytic activity of the muscle 
extract of the intact limb in the experiments in which 
the animals did not receive sodium amytal was appreci- 
ably smaller (by 33%) than in normal rabbits, in the ex- 
periments in which the hypnotic was given this decrease 
was not observed, In the recovery period in the first few 
hours after removal of the tourniquet (after 3 hours), the 
phosphorylase activity of the muscle extract from the ex- 
perimental limb remained at roughly the same level as 
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at the end of the fourth hour of hemostasis (the amount 

of inorganic phosphorus used up from the sample was,on 
the average, 4.68 mg). In these conditions, as in the 
period of compression, the phosphorolytic activity of the 
muscle extracts of the intact limb remained undisturbed 
(the average decrease of inorganic phosphorus in the sam- 
ple was 7.65 mg). 

It is clear from the figures given that the phosphoroly- 
tic activity of the muscle extract of the experimental 
limb was lower than that of the intact limb by 39%, and 
than that of the normal limb, by 41%, In those animals 
on which the tourniquet was applied in the normal manner 
(without the hypnotic), the fall in the phosphorylase ac- 
tivity of the extract of the muscles below the site of ap- 
plication of the tourniquet was more marked -(68% less, 
compared with the normal value), It must be pointed out 
that, in the rabbits not receiving the hypnotic, the phos- 
phorylase activity in the muscle extract from the intact 
limb was also greatly reduced by comparison with that 
in normal rabbits (on the average ,by 44%), This demon- 
strates that, at the beginning of the recovery period, the 
phosphorylase activity, in the muscle extract from the 
limb in which the central nervous influences were cut off 
during the time of compression by the tourniquet, was dis- 
turbed to a far less extent than that in the extract of 
muscles compressed without administration of sodium 
amytal, 


We also obtained similar results from determination 
of the phosphorol ytic activity of muscle extracts from the 
intact limb in experiments with and without the use of 
sodium amytal, Prolongation of the recovery period to 
24 hours, after compression for 4 hours,in experiments in 
which the hypnotic was given caused an increase in the 
phosphorylase activity in the muscle extract of the ex- 
perimental limb and a decrease in the muscle extract of 
the intact limb, The decrease in inorganic phosphorus in 
the incubation mixture under the influence of extract of 
the injured muscles was ,on the average,5,59 mg, and in 
the symmetrical muscles , 6,94 mg (the difference be- 
tween the phosphorolytic activity of the muscle extracts 
was, on the average 19%), By comparison with the results 
obtained in the experiments on normal rabbits, the phos- 
phorolytic activity at this stage of the recovery period 
was reduced not only in the extract of the traumatized 
muscles but also in the symmetrical muscles, 

It may be seen that, by comparison with the normal 
value, the phosphorylase activity of the muscle extract 
from the experimental limb was decreased by 31%, and 
that of the extract from the intact muscles, by 13%, In 
the experiments carried out on the waking animals, 24 
hours after removal of the tourniquet from the limb, the 
decrease in the inorganic phosphorus in the incubation 
mixture containing the muscle extract from the experi- 
mental, and also the intact limb,was slightly less pro- 
nounced than in the experiments on the sleeping animals. 
In our experimental conditions, the difference which was 
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determined in the phosphorylase activity of the muscle 
extracts from the limbs of rabbits compressed by the 
tourniquet, with and without administration of sedium 
amytal, was thus also observed 24 hours after removal of 
the tourniquet. 


In the analysis of the results showing the effect of 
drug-induced sleep on the phosphorylase activity of mus- 
cle tissue after application and removal of the tourniquet, 
it must be pointed out that the changes in the phosphoryl- 
ase activity in the sleeping and waking animals bore the 
same character, The phosphorolytic activity of the ex- 
tracts from muscles below the site of application of the 
tourniquet was reduced in all animals; the decrease was 
more marked in the period of compression and at the be- 
ginning of the recovery period in the animals in which 
the tourniquet was applied without the use of a hypnotic, 
The phosphorylase activity of the extract of intact mus- 
cles, which was lowered after application of the tourniquet 
and 3 hours after its removal in experiments on waking 
animals, was undisturbed in the experiments in which 
the hypnotic was used. The application of a hemostatic 
tourniquet to rabbits during inhibition of the central ner- 
vous system was thus accompanied by less marked changes 
in the phosphorylase activity of the extract obtained from 
the muscles of both limbs, both during hemostasis and in 
the first few hours after its removal, With a lengthening 
of the recovery period to 24 hours, the decrease in the 
phosphorylase activity of the muscle extract from the 
limb freed from the tourniquet, on the other hand, was 
less marked in the experiments in which sodium amytal 
was not used, 


SUMMARY 

The results clearly show that the phosphorylase ac- 
tivity of a muscle extract of the limbs in rabbits under- 
goes changes after application of a tourniquet in the 
waking and sleeping states, and that the changes, al- 
though in the same direction, are different in degree. 
This difference in the changes of enzyme activity in the 
experiments with and without the use of sodium amytal 
is proof that the functional state of the central nervous 
system plays an important part in the metabolic process 
taking place in the tissues of the part of the limb demar- 
cated by the tourniquet. 
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Among the published work relating to the study of 
the analgesic properties of the phenothiazine derivatives, 
there are several contradictory statements, Some workers 
consider that the possession of analgesic properties by the 
phenothiazine derivatives is a proven fact [4, 10], where- 
as others (3, 11] deny that this is so, It must be empha- 
sized that different authors used different methods in 
their investigations, We accordingly deemed it neces- 
sary to study the analgesic properties of the phenothiazine 
derivatives, using the greatest variety of methods of pain 
stimulation, It was shown by means of electrical stim- 
ulation that aminazine, propazine and mepazine possess 
an analgesic action, 

In the present article we describe the results of ex- 
periments using thermal pain stimulation by the methods 
of Boreus and Sandberg [6] and of D*Amour and Smith 


{7}. 


METHOD 

Experiments were carried out on rats, For the Boreus 
and Sandberg method, the source of stimulation was the 
infrared rays from a Sollux lamp with a power of 500 w. 
The pain reaction was judged by the time of onset of the 
twitch reflex, and the range of measurements was con- 
fined to 15 seconds, When the method of D'Amour and 
Smith was used, the reaction of the animals was esti- 
mated by measurements of the reflex time (withdrawal 
of the tail), Stimulation was by means of focussed in- 
fraredrays from a 500 w lamp, projected through the 
diaphragm of a heat-insulating screen onto the black- 
ened surface of the rat's tail. The maximum exposure 
was 15 seconds, Derivatives of the phenothiazine series 
(mepazine, aminazine and propazine) were injected sub- 
cutaneously, For purposes of comparison,the same tests 
were carried cut with morphine, promedol and phenadon. 
These analgesics were injected intraperitoneally, The 
criterion of significance of the changes recorded was 
selected to correspond to P = 0,05, 
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RESULTS 

In the investigations by the method of Boreus and 
Sandberg, after injection of aminazine, propazine and 
mepazine(in doses of 5,10 and 50 mg/kg respectively) 
an increase in the reflex time was observed (Fig. 1). 
Doubling of the doses was followed by a significant in- 
crease in the effect only in the case of aminazine; in 
relation to mepazine and propazine these proportions 
were ill-defined. The maximum reaction was observed 
60-90 minutes after injection of the drugs. 

In the series of experiments carried out by the meth- 
od of D*Amour and Smith, aminazine, propazine and 
mepazine (in doses of 1.25, 2,5 and 100 mg/kg,respec- 
tively) caused an increase in the reflex time; a further 
increase in the dose (aminazine — 10 mg/kg, propazine — 
— 20 mg/kg and mepazine — 200 mg/kg), however, in 
contrast to all the preceding experiments, led to a short- 
ening of the reflex time (Fig. 2). In order to explain this 
finding, we carried out an additional series of experiments. 
The pain reaction was judged by the animal's squeak; 
the strength of stimulation was increased,and the whole 
surface of the tail, fixed to the screen, was irradiated, 

In this way it was found that injection of all the pheno- 
thiazine derivatives under study (aminazine — 10 mg/kg, 
propazine — 20 mg/kg and mepazine — 400 mg/kg caused 
a clear-cut increase in the reflex time. 

By their analgesic activity, morphine, promedol and 
phenadon were considerably stronger than the phenothia- 
zine derivatives studied, in the experiments using the 
methods of both Boreus and Sandberg, and D’ Amour and 
Smith, 

As a result of the observations using the Boreus and 
Sandberg method it was found that aminazine, propazine, 
and mepazine possess the ability to depress pain reactions 
in experimental animals. When the method of D’ Amour 
and Smith was used, it was found that the phenothiazine 
derivatives, in certain doses, lead to increased sensitivity 
to pain stimulation, This phenomenon may be explained 
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Fig. 1. Effect of mepazine, aminazine and propazine on the pain sensi- 
tivity to thermal stimulation (method of Boreus and Sandberg), Along the 
axis of ordinates — reflex time in seconds; along the axis of abscissas — 

— time of experiment in minutes; a — mepazine: I1— 50 mg/kg subcut- 
aneously, II — 100 mg/kg subcutaneously; b— aminazine: 1— 5 mg/kg 
subcutaneously, Il — 10 mg/kg subcutaneously; c~ propazine: I~ 10 
mg/kg subcutaneously, II — 20 mg/kg subcutaneously, 
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Fig. 2. Effect of mepazine on the 
pain sensitivity to thermal stimu- 
lation (method of D' Amour and 
Smith), Along the axis of ordi- 
nates ~ time of change of reflex 
(in conventional units); along 
the axis of abscissas — dose of 
drug (in mg/kg body weight). 


if certain statements in the literature are borne in mind, 
The method of D'Amour and Smith cannot be considered 
to reproduce a purely pain reaction, for the reflex re- 
sponsible for the defensive reaction in this method may 
be effected by neurons lying within the confines of the 
spinal cord, In experiments on spinal rats, for example, 
it was shown by Irwin and co-workers [8] and by Bonny- 
castle et al, [5] that the arc of the reflex, used as a test 
of the pain reaction in the method of D'Amour and Smith, 
may also be completed in the spinal cord, By this test, 
the depressing action of morphine may also be demon- 
strated in spinal rats [7]. 

The shortening of the reflex time observed after ad- 
ministration of the phenothiazine derivatives may pos- 
sibly be due to the fact that-under the influence of these 
drugs- besides depression of the sensitivity to pain, exci- 
tation of the spinal cord takes place, preventing mani- 
festation of the analgesic effect? It is obvious that this 


method cannot be used as a model for the study of the 
analgesic action of neuroplegic drugs. For this purpose 
a reaction must be selected which does not depend on 
spinal reflexes for its performance. When, for instance, 
we used the animal's squeak as the test of the reaction, 
we observed depression of the sensitivity to pain under 
the influence of mepazine, aminazine and propazine, 

If the results of the present experiments are compared 
with our previous findings it may be seen that the choice 
of a suitable test object plays a most important role in 
the search for analgesic drugs. From a comparison of the 
various methods of pain stimulation during the trial of 
typical analgesic drugs and of preparations with an ill- 
defined analgesic action, it may be considered that the 
method of D'Amour and Smith, which is widely used, is 
unsuitable for this purpose, The limitations of this meth- 
od are due to the fact that it can only be used to deter- 
mine the analgesic action of drugs which have a depress- 
ing influence on the synaptic formations of the spinal 
cord, whereas the analgesic properties of substances,with 
their point of application in the suprasegmental appara- 
tus, may remain undetected, 

It must be emphasized that the degree of stimulation 
plays an important part here, As shown by experiments 


* This excitation is evidently not the result of the direct 
action of aminazine, propazine and mepazine on the el- 
ements of the spinal cord, but may be associated with de- 
pression of the tonic centers in the region of the reticular 
formation, It has been shown in V. V. Zakusov's labor- 
atory that aminazine and mepazine have no direct influ- 
ence on the transmission of impulses in the spinal cord 
[2];at the same time phenothiazine derivatives are known 
to have a depressing action on the reticular formation 


[9]. 





using thermal stimulation,and with measurement of the 
threshold of sensitivity to an electric current, when the 
pain reaction was determined by the animal's squeak 
(intensive stimulation), an analgesic action of the pheno- 
thiazine derivatives was observed; in those experiments 
in which the test was movement of the tail (in response 
to less intensive stimulation),the results were negative, 
It is obvious that the animal's squeak in response to 
stimulation may,with greater justification, be regarded 
as the manifestation of a pain reaction, for it arose after 
more intensive stimulation than did the other motor re- 
actions, 

When the method of Boreus and Sandberg was used, 
a weakening of the sensitivity to pain could also be de- 
termined under the influence of neuroplegic drugs. In 
this case, too, the stimulation was so intensive that the 
pain stimuli evidently passed into the higher divisions 
of the central nervous system. In contrast to the method 
of electrical pain stimulation, an essential failing of the 
Boreus and Sandberg method is the small parameter of 
the measurements: a three- or fourfold fall in sensitivity 
is the maximum change that can be estimated in these 
experiments, 


SUMMARY 
The analgesic effect of mepazine,aminazine and 
propazine was studied with the aid of thermal methods 
of pain stimulation. Aminazine was found to be the most 
active of the preparations investigated. According to ob- 


servations carried out earlier and to the data contained 
in the present work,the electrical method of pain sti- 
mulation proves best for studying the analgesic effect 

of neuroplegic substances, provided squeaking of the 
animals is to be regarded as an indicator of the reaction, 
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Changes in the reactivity of animals subjected to the 
action of ionizing radiation to anesthetics are of both 
practical and theoretical importance. In spite of the 
importance of this problem, however, it has not received 
its due attention in the literature. The investigations 
which have been carried out in this field [1, 2, 3, 5, 6, 
7] are incomplete, for they do not take sufficiently into 
consideration the individual characteristics of the vari- 
ous anesthetics or their dose, and also the severity of the 


radiation sickness, 
The object of the present investigation was to study 


the reactivity of irradiated animals to anesthetics in dif- 
ferent periods of acute radiation sickness, and its depend- 
ence on the factors enumerated, 


METHOD 

The research was carried out on 4000 white mice of 
both sexes, weighing 15-22 g. 

In each series of experiments the animals were di- 
vided into two groups: one group of animals was not ir- 
radiated,and acted as controls; the other group received 
whole-body irradiation with x-rays and developed radi- 
ation sickness. 

The study of the reactivity was conducted in three 
forms of radiation sickness: in moderately severe radi- 
ation sickness (dose of irradiation 360 r) causing death 
of from 5 to 10% of the irradiated animals within 30 days 
of exposure; in a severe form of the disease (dose of ir- 
radiation 720 r) leading to death of 100% of the animals 
on the fifth to seventh day after irradiation; finally, in 
a very severe form of the disease (dose of irradiation 
1440 r), causing death of all the animals on the third or 
fourth day after exposure, 

The reactivity of the irradiated animals was investi- 
gated, paying consideration to the individual properties 
of the different anesthetics: the action of a type I anes- 
thetic - ether — and of a type II anesthetic — hexobarbi- 
tal — was studied [4], 

Each of these anesthetics was investigated in narcot- 
ic and toxic doses, 


Ether was administered by inhalation in a glass ex- 
siccator for 15 minutes, Changes in reactivity were stud- 
ied in relation to feebly narcotic (concentration in air 
of 0,2 mi/liter), narcotic(@0.4 ml/liter) and toxic (0.6 
m1l/liter) doses of ether, 

Hexobarbital was injected subcutaneously in the form 
of a 2% solution, The reactivity of the animals was in- 
vestigated in relation to feebly narcotic (90 g/g), nar- 
cotic (150 ug/g) and toxic (250 ug/g) doses of the drug, 

The indices of reactivity were: the latent period of 
anesthesia, the duration of the anesthetic state and the 
percentage of animals which slept and died, 

Not less than 20 mice were used in each series of ex- 
periments, The results obtained were treated statistically. 


RESULTS 

The observations showed that the reactivity of the 
irradiated animals in relation to anesthetics was signifi- 
cantly altered, The changes in reactivity bore a phasic 
character which depended on the period of the disease, 

A feature common to all the anesthetics investigated 
was the presence of a phase of lowering of resistance to 
the narcotic action of the agents at the climax of the 
sickness, quite irrespective of the individual properties 
of the anesthetic and the severity of the radiation sick- 
ness, It is clear from Fig, 1 that the duration of ether 
and hexobarbital anesthesia in the irradiated animals at 
the climax of the radiation sickness was considerably in- 
creased over the control values, An increase in the dur- 
ation of anesthesia was observed in all the forms of ra- 
diation sickness studied: in moderately severe, severe 
and very severe forms, This increase in the duration of 
anesthesia is one of the indices of a change in the resist- 
ance of the irradiated animals in relation to anesthetics, 
Similar results were obtained by other authors in their 
investigations [1, 2, 6]. 

At other periods of the disease the reaction of the 
irradiated animal to anesthetics was dependent on a 
whole series of factors, The first of these factors is the 
specific properties of the anesthetics, 





For instance, at the beginning of the latent period 
of moderately severe radiation sickness, i.e., immedi- 
ately after irradiation with a dose of 360 r, a transient 
rise in resistance to the narcotic action of ether was ob- 
served= the duration of anesthesia in the irradiated 
animals was considerably shorter than in the controls, 
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Fig, 1. Duration of ether and hexo- 
barbital anesthesia during the cli- 
max of radiation sickness, Legend: 
white columns — duration of ether 
anesthesia; shaded columns = du- 
ration of hexobarbital anesthesia, 
Controls taken as 100%, 


At the same time the resistance to the narcotic action 
of hexobarbital was unchanged (Fig. 2), On the other 
hand, 24 hours after irradiation a sharp rise in the re- 
sistance to the narcotic action of hexobarbital was ob- 
served (the irradiated animals were not plunged into a 
narcotic state after administration of hexobarbital in a 
dose of 90 ug/g, whereas control animals were in a 
state of narcosis), The resistance to ether, however, was 
indistinguishable from the controls at this period, Later, 
in the recovery period (28 days after irradiation with a 
dose of 360 r), however, in addition to the increased 
resistance of the irradiated animals to the narcotic action 
of hexobarbital, a fall was observed in the resistance to 
the narcotic action of ether (see Fig. 2), It should be 
pointed out that a relationship between the reaction of 
irradiated animals and specific, or perhaps group,char- 
acteristics of the anesthetic agent [4] has been observed 
by other investigators [1, 3, 5, 7). 

The second factor influencing the reactivity of the 
irradiated animals to anesthetics is the severity of the 
radiation sickness, 
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Fig, 2, Change in the reactivity of 
animals irradiated with 360 r to dif- 
ferent anesthetics at various periods 
after irradiation, Legend: white 
columns ~ duration of ether anes- 
thesia; shaded columns ~ duration 
of hexobarbital anesthesia. 
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Fig. 3. Change in the reactivity of 
irradiated animals to ether, depend- 
ing on the severity of the radiation 
sickness, a) Immediately after irra- 
diation; b) 24 hours after irradia- 
tion, 


By way of example, we may cite the data on the 
change in the resistance of the irradiated animals to the 


narcotic action of ether. The increased resistance to the 
narcotic action of this agent, found at the beginning of 
the latent period of radiation sickness of moderate sever- 
ity, was not observed in the more severe forms of sick- 
ness (Fig, 3). 





Differences were also found in the change in react- 
ivity, especially in relation to ether, in severe and very 
severe forms of radiation sickness, For instance, 24 hours 
after irradiation, in the severe form of radiation sickness 
(720 r) the reactivity of the animal to ether was indis- 
tinguishable from that of the controls, In the very severe 
form of radiation sickness (1440 r), however, a consider- 
able increase in the sensitivity to the narcotic action of 
ether was observed ~— the irradiated animals were much 
longer in a state of narcosis than the animals of the con- 
trol series (see Fig. 3). 

The third factor determining the character of the 
reaction of the irradiated animal is the dose of the anes- 
thetic, 

The increase in the resistance of the animals to the 
action of ether,already observed in the latent period of 
radiation sickness of moderate severity, for instance, was 
much more pronounced after the action of a feebly nar- 
cotic dose of the anesthetic than after the action of a 
dose producing a state of deep narcosis, The subsequent 
fall in the resistance of the irradiated animals by com- 
parison with the controls in the recovery period was also 
much more obvious when a feebly narcotic dose of ether 
was given, 


This state of affairs may also be illustrated by the 
results obtained from an investigation of the reactivity 
of the irradiated animals to hexobarbital, 

For example, 24 hours after irradiation with a dose 
of 1440 r, i.e., in the latent period of the very severe 
form of radiation sickness, a much greater increase in 
the duration of the latent time of anesthesia was observed 
after administration of a feebly narcotic dose (90 ng/g) 
of hexobarbital than after injection of the drug in a dose 
producing a state of deep anesthesia (150 g/g), After 
the injection of hexobarbital in a toxic dose (250 ug/g) 
the duration of the latent time of anesthesia in the ir- 
radiated animals was the same as that in the controls, 

In conclusion it must be stressed that the resistance 


of the irradiated animals to narcotic doses of anesthetics, 
and their resistance to toxic doses of the same agents, did 
not always change in a parallel manner. At the height 
of the severe and very severe forms of radiation sickness, 
for instance, a fall in the resistance to the narcotic action 
of ether was accompanied by an increase in resistance to 
its toxic effect, For example, after administration of 
ether in a toxic concentration, in the control series 90.9% 
of the animals died, whereas in the experimental series 
(3 days after irradiation with a dose of 1440 r) under the 
same conditions only 28.6% of the mice died, 


SUMMARY 

As shown in the work there is a marked change in 
the reaction of x-ray-irradiated white mice to anesthet- 
ics, These changes are phasic in character and depend 
upon the stage of the disease, At the height of the dis- 
ease there is a rise of the sensitivity to anesthetics, ir- 
respective of the animal's individual peculiarities and 
the severity of the disease, During other stages of radi- 
ation sickness the changes in the reactivity depend upon 
the specific features of the anesthetic used, its dose and 
the severity of the disease, 
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The bacterial polysaccharides possess a wide range 
of activity against the animal body, Since these com- 
pounds have only recently attracted attention, however, 
many of their properties remain undiscovered, 

In a previous communication[2]we published the first 
data concerning the pharmocological properties of a bac- 
terial polysaccharide obtained from Proteus vulgaris, In 
subsequent work we have carried out experiments to study 
the pharmacological properties both of polysaccharides 


polysaccharide recently obtained in the laboratory under 
the direction of Prof. M, V. Svyatukhin from Bacillus 
pyocyaneus (preparation PST),* The results of these in- 
vestigations are described in the present article, 


METHOD AND RESULTS 

The general action and toxicity of the pyrogenic 
polysaccharide from B, pyocyaneus were studied in sexu- 
ally mature male white mice weighing 21+ 2 g. The 
preparation was injected intraperitoneally in physiologi- 
cal saline, prepared in double-distilled pyrogen-free wa- 
ter, 

In a dose of 25,000 pg /kg, the preparation caused 
slight depression of the animals which passed off without 
trace after a few days, With an increase in the dose,the 
degree of depression was intensified, and at a dose of 
50,000 pg/kg several animals died. A dose of 100,000 
ug/kg, however, did not cause death of all animals. 

The preparation had no local irritant effect, whether 
injected subcutaneously or applied to the mucous men 
branes, 

The pyrogenic action of the polysaccharide from B, 
pyocyaneus was studied in experiments on 50 white rats 
and 10 rabbits, 

These experiments showed that in white rats, after 
receiving injections of this preparation intraperitoneally, 
in a dose of 1-100 pg Ag, the pyrogenic effect was less 
clearly shown than in the case of the polysaccharide 
from P, vulgaris; in some experiments the temperature 
rose by 0,5-1,8", and in others no increase in the rectal 
temperature was Observed, 

In intact rabbits,the pyrogenic action was more con- 
stant: the temperature began to rise between 15 and 30 
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minutes after intravenous injection of the preparation in 

a dose of 1-20 ug /kg, reached its maximum after 1-2 
hours, and then gradually fell in the course of the next 

4-6 hours to its initial figures, As in the case of injection 
of the polysaccharide from P, vulgaris, no regular relation- 
ship was observed between the degree of rise of tempera- 
ture and the dose of the preparation, 

By injection of procaine into the blood stream, the 
development of the temperature reaction could be ap- 
preciably delayed, and the subcutaneous injection of 
amidopyrin in a dose of 100 mg/kg (in the form of a 
6% solution) almost completely abolished it (Fig. 1). 


It must be pointed out that the injection of pyrogen 
from B. pyocyaneus into irradiated rabbits produced a 
paradoxical reaction on individual days: instead ofa rise 
of temperature, a fall was observed (Fig. 2). 

A similar reaction of irradiated animals to pyrogen 
was also observed by N, A, Volokhova [5]. We consider 
that this author rightly regards the observed changes in 
the reaction to pyrogen as the result of the liability and 
asthenia of the thermoregulatory center developing under 
the influence of ionizing radiation, 

In addition to studying the temperature reaction to 
the injection of the pyrogens, we studied the intensity of 
metabolism, as shown by the quantitative oxygen con- 
sumption, We used P, N, Veselkin’s (1955) modification 
of the method of Renier and Reiset for this purpose. The 
experiments with the preparation from P. vulgaris were 
carried out on rabbits and rats, and those with the pre- 
paration from B, pyocyaneus on rats alone, These experi- 
ments showed that during the first 14 -3 hours after in- 
jection of the pyrogens, the observed fall in temperature 
by 0.5-1,8 was accompanied as a rule,by a decrease in 
the oxygen consumption by 9-18% by comparison with 
the initial values, The decrease which we found in the 


*The preparations are individual substances; the first is 
obtained from Gram-positive, and the second from Gram- 
negative bacteria. The method of their production is 
identical and is described in the article by A, A, Bodarev 
and M, V, Svyatukhin [1]. 


t Transliterated from Russian. 
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Fig. 1. Temperature reaction to injection of by intravenous injection of pyrogen from B, 


10u g/kg pyrogen from B, pyocyaneus into an pyocyaneus in a dose of 10 ug/kg. 1) be- 

intact rabbit (1) and into a rabbit receiving fore irradiation; 2) on the first day after 

amidopyrin (2). irradiation; 3) on the ninth day after irra- 
diation, 


Fig, 3, Effect of the pyrogenic polysaccharide of B, pyocyaneus in a dose of 100 
ug /kg on the arterial pressure and respiration, Significance of the curves (from 
above down}: respiration, arterial pressure, marker of injection of the preparation, 
time marker (2 seconds); 1) physiological saline (4.5 ml); 2) pyrogen solution 
(4.5 ml); 3) 10 minutes after injection; 4) repeated injection of 4,5 ml of py- 
rogen 30 minutes after the first. 





oxygen consumption will arouse no surprise, for at dif- 
ferent stages of development of the pyrexial reaction 
the level of oxidative processes can fluctuate sharply 
both on the side of increase or decrease [3, 8, 10]. 

The anti-inflammatory properties of the bacterial 
polysaccharide from B, pyocyaneus, determined by the 
method of I, A, Oivin and K, N, Monakova [9], were 
less evident in our investigations than those of the pyro- 
gen from P, vulgaris [2]. 

Acute experiments on anesthetized (urethane in a 
dose of 1 g/kg intravenously) and unanesthetized rabbits 
showed that neither a single nor repeated injections of 
the polysaccharide from B. pyocyaneus in doses from 10 
to 1200 ug/g caused any appreciable changes in the 
arterial pressure and respiration (Fig. 3), Similar results 
have been described after injection of other polysaccha- 
rides [2, 3]. 

During the study of the action of this polysaccharide 
on the isolated heart by Straub’s method(concentrations 
of 1-10°5 to 1-10 4, on the smooth muscle of the 
small intestine by Magnus’ method (concentrations of 
3+107° to 5°10 *) and on the diuresis by Gibbs’ meth- 
od it was found that no essential changes took place in 
the functions of these organs and systems, 

In order to study the influence of bacterial pol ysac- 
charides on the central nervous system, we carried out 
experiments on white mice by E, N, Guseva's method 
{6}, and also on rabbits in which the latent period of the 
flexor reflex was determined by V. V. Zakusov‘smethod 
(1947), 

In the experiments on mice (10 animals in the group) 
the preparation from B, pyocyaneus was injected intraper- 
itoneally in a dose of 10 ug /kg, 30 minutes before the 
beginning of swimming. At the same time the control 
animals received an injection of an equal volume of 
sterile physiological saline, The average swimming time 
of the control mice was 181,5+ 16,4 minutes, and that of 
the experimental mice 159.34 11.6 minutes, Statistical 
treatment, however, showed that this difference was not 
significant, for the degree of probability T = 1,11. 

Likewise,in the experiments on rabbits,no changes 
in the duration of the latent period of the flexor reflex 
could be observed in the 3 hours immediately after in- 
travenous injection of 10 ug /kg of the preparation (V. 

E, Belai)., 


The bacterial polysaccharides obtained from both 
P, vulgaris and B, pyocyaneus, when injected parenter- 
ally in doses of 1 ug /kg or over, thus caused a marked 
hyperthermic reaction, The rise of temperature could, 
however, be greatly diminished by the preliminary in- 
travenous injection of procaine, and it could be complete- 
ly abolished by amidopyrin, 


SUMMARY 


The author presents data on the pharmacology of 
bacterial polysaccharides obtained from Proteus vulgaris 
and B, pyocyaneus, Within the first 2-3 hours after in- 
jection both preparations provoke pyrexia, reduce the 
oxygen intake and the vascular permeability. In doses 
tested they exercise no effect upon diuresis, smooth in- 
testinal musculature and functional condition of the cen- 
tral nervous system, The arterial polysaccharide obtained 
from B, pyocyaneus fails to produce any changes in the 
arterial blood pressure and the rate and depth of respir- 
ation, 
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Immunological analysis of the antigenic properties 
of normal human and animal tissues has shown that, like 
other tissues, the spleen possesses a complex antigenic 
composition, Besides its organ-specific splenic antigen, 
the human spleen possesses the group antigens A and B 
[4] and M and N [5], Rhesus antigen [6] and heterogenic 
antigens [1]. 

Certain workers have demonstrated the close resem- 
blance between the antigenic structure of the cells of 
the spleen and of malignant tumors [2,7]. No solu- 
tion has yet been found, however, to the problem of 
which of the antigens possessed by these two species of 
cell is responsible for this resemblance. 


The object of the present investigation wag to make 
a comparative study of the antigenic structure of the 
spleen and of a tumor, and to elucidate the problem of 
the existence of a possible common antigenic com- 
ponent, and of its relationship to the specific antigens 
of these tissues, 


METHOD 
The material used in the study consisted of tissues 
from carcinomatous tumors and of the liver and spleen 
of a healthy human subject, all belonging to the same 
blood group, Crocker's sarcoma and the spleen of a 
mouse, In order to make a comparative analysis of the 


TABLE 1. Comparative Study of Antigens from Human Tumor, Liver and Spleen 
a (Results of complement fixa- 
tion test with antigens from 
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TABLE 2, Antigenic Properties of Mouse Spleen 
Results of complement fixa- 


jlution |tion test with antigens from 


Serum absorbed by tissues of 


chorioal- 


tantojc 
membrane 


Chorioallantoic 
membrane tissue 


No. .... «» against 
mouse spleen 


Tumor tissue 


Chorioallantoic 
membrane tfssue 


,against 
mouse spleen 


Tumor tissue 


antigenic properties, immune sera against the test tis- 
sues were obtained in chinchilla rabbits, The rabbits 
were immunized by means of 3 injections weekly for 

4 weeks [3]. The sera were tested with saline extracts 
of normal and tumor tissues of a mouse or man, used as 
antigens, in cross complement fixation tests at 37°, All 
the sera were tested before absorption of their nonspecif- 
ic, accessory antibodies and after their absorption on 
formalin-treated tissues, The reaction was assessed as 
follows: ++++, +++, ++ and+ denoted various degrees of 
inhibition of hemolysis, a doubtful reaction, and <a 
negative reaction, 


RESULTS 

It may be seen from Table 1, as it has been shown 
previously [2], that antigens from the tumor and from 
human liver could be differentiated comparatively easi- 
ly by means of antitumor and antiliver sera. It also fol- 
lows from the data in Table 1 that the antigen prepared 
from healthy human spleen reacted in a considerable 
titer with the serum of a rabbit immunized with carci- 
noma tissue, This suggests the presence of related anti- 
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gens in tumor and splenic tissue, which is confirmed by 
the positive reaction of the antispleen serum with anti- 
gen from tumor tissue. As a result of absorption of the 
antitumor serum with spleen tissue, however, antibodies 
remained only to antigen from tumor tissue, and the 
antibodies held in common with the spleen had disap- 
peared entirely. This is evidence that the common anti- 
genic component of the tumor and spleen is a nonspecif- 
ic tumor antigen. Absorption of the antispleen serum 
enabled the absence of a specific tumor antigen from 
spleen tissue to be clearly established, 

The results of the experiment shown in Table 1 
thus demonstrate that the common antigenic component 
of the tumor and spleen is a nonspecific tumor antigen. 
This immunological relationship between the tumor and 
spleen cannot be explained by the presence of A and B 
group antigens, for in our experiments we used material 
of the same group in respect of these factors, The anti- 
genic resemblance between the tissues investigated like - 
wise could not be attributed to the group factors M, N 
and Rh, for the latter are detected in tissues by means 
of special methods, 





The presence of a common antigenic component 
(or components) in human tumor and spleen tissue was 
thus demonstrated; this component was distinct from the 
specific tumor and organ-specific spleen antigens and 
from the group factors A and B, M, N and Rh, 

In view of the immunological relationship between 
the human tumor and spleen, we used mouse spleen as a 
control during the comparative investigation of the anti- 
genic composition of heterotransplants of a Crocker's 
sarcoma on the chorioallantoic membrane of the chick 
embryo, of the original tumor and of tissue from normal 
organs of the mouse, 

The results of the investigation of the spleen anti- 
gens by means of an immune serum against normal 
mouse spleen tissue are shown in Table 2, 

We see that the sera ofrabbits Nos, 813 and 629, 
immune to normal mouse spleen, before absorption re- 
acted positively not only with antigen from mouse 
spleen but also with antigens from Crocker's sarcoma 
and from normal chorioallantoic membrane, thereby 
demonstrating the common antigenic structure of these 
three tissues, As previously established, these three tis- 
sues possess a common heterogenic antigen, which is 
responsible for their resemblance, Absorption of the 
serum on chorioallantoic membrane tissue led to com- 


piete removal of the antibodies to this heterogenic anti- 
gen. The sera subsequently continued to react in high 


titers with antigens from Crocker's sarcoma and mouse 
spleen, which was evidence of the presence of a com- 
mon antigenic component in these tissues, distinct from 
the heterogenic antigen. Absorption of the serum on 
tumor tissue led toremoval of the antibodies not only to 
the heterogenic antigen possessed in common with the 
chorioallantois, but also to the antigenic component 
common to the spleen and Crocker's sarcoma, After 
absorption on tumor tissue,the serum became specific 
and reacted only with organ-specific mouse spleen anti- 
gen. 

The results of the experiments shown in Table 2 
thus provide evidence in support of the complex anti- 


genic structure of the spleen of the mouse, It may be 
seen that mouse spleen possesses, besides its organ-spe- 
cific spleenantigen, a heterogenic antigen common to 
the chorioallantoic membrane of the developing chick 
embryo and a third antigenic component common to 
Crocker's sarcoma, 

The complex antigenic structure of the spleen of 
man and animals must be borne in mind when spleen 
tissue is used for control purposes in immunological ex- 
periments, 


SUMMARY 

The antigenic structure of human and mouse spleen 
was studied, Along with the organ-specific splenic anti- 
gen, an antigenic component in the splenictissue of man 
was revealed, common with the human spleen and can- 
cer tissue, but differing from the specific tumor antigen, 
The presence of an antigenic component, common with 
Crocker's sarcoma, was revealed in the mouse spleen, 
Moreover, a specific splenic and heterogenic antigen, 
common with the chorioallantoic membrane of the 
chick embryo, is present in the mouse spleen, 
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Hitherto,the role of filterable forms of microorgan- 
isms in the development of the bacterial cell and in 
pathological processes has been inadequately studied. 
The absence of any generally accepted view of the 
structure and development of microorganisms and of the 
role of filterable forms in the ontogenesis of microorgan- 
isms is due to the considerable variety of methods of 
production of filterable forms. The most widely held 
opinion at the present time of the process of formation 
of filterable forms, as particles without cellular struc- 
ture and arising as the result of disintegration of cells 
under the influence of unfavorable factors [1,6,7,8,9,10] 
has led to the creation of corresponding methods of 
influencing the bacterial cell: aging, grinding, shaking, 
repeated freezing and thawing, ultrasound, the action of 
phage and of antibiotics, Certain authors [2,3,5] regard 
filterable forms as a stage of the “ontogenetic develop- 
ment of the cell, probably reflecting the phylogenetic 
history of the particular species” (G.L. Kalina), and 
claim that filterable forms may be obtained much more 
frequently in young cultures, growing in favorable con- 
ditions, 

In the present research an attempt was made to 
study comparatively the detection of filterable forms 
and the subsequent regeneration from these forms of sec- 
ondary strains, in both young (4-6-hour) broth cultures, 
grown in conditions favorable for growth, and in old (1- 
2-month) cultures with signs of autolysis of the bacterial 
cells,subjected torepeated freezing , thawing and agita- 
tion in a shaker, 


METHOD 

The material used for the investigation consisted of 
Escherichia coli 844 which, after 3-4 subcultures in an 
egg medium (2 yolks + 5m1 physiological saline), was 
seeded in a dose of 0,1-1,0 ml in 200 ml of nutrient 
medium; meat-peptone broth, meat-peptone broth with 
the addition of 10% of egg medium, or casein broth with 
10% of egg medium. Some of the inocula were aerated 
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for 4-6 hours by the passage of sterile air into the medi- 
um, others were kept in the refrigerator at a temperature 
of 4° for 18-20 hours, and all were centrifuged for 10-15 
minutes at 3000-4000 rpm before filtration, in order to 
remove excess bacterial cells, especially those grow- 
ing on egg media with aeration. After growing for 4-6 
hours at a temperature of 37°, all the inocula were filter- 
ed through 30-mm Seitz filters with S, F, asbestos pads 
at negative pressure(-100 mm), At this pressure the 
original bacterial cells did not pass into the filtrate, as 
was from time to time observed at a negative pressure 
greater than ~—100 mm, 

From the young cultures 197 filtrates were obtained. 

During the parallel investigation of the old (1-2- 
month) broth cultures, of which 92 were subjected to 
agitation for 6 hours in a shaker, and 88 (suspensions of 
20 + 10 bacterial cells in distilled water) were twice 
frozen (18 hours) and thawed, 180 filtrates were obtain- 
ed, 

Thus, altogether, 377 filtrates were obtained, In 
order to detect filterable forms, 25-30 ml of each fil- 
trate was seeded into equal volumes of nutrient media: 
meat- peptone broth, 10-20% serum broth, broth contain- 
ing 1% glucose, broth containing 3% and 5% of a filtered 
lyzate of Sarcina, obtained by the method of dissolving 
washings of a suspension of 10- 10° cells in 0,5% phy- 
siological saline with lysozyme [4]. The filtrates were 
kept at a temperature of 37° throughout the experiment, 
After different intervals of time (7,14,21 days and over) 
subcultures were made on Petri dishes containing a fee- 
bly alkaline (pH = 7.6) meat-peptone agar, 10% serum 
agar and agar containing 3-5% filtered lyzate of a 
Sarcina culture, The dishes with the subcultures of the 
filtrates were kept at room temperature for 6-7 days or 
longer, for the filterable forms grew very slowly. 


RESULTS 
The experimental results given in the table show 
that the formation of filterable forms in both the young 





Results of Production of Filterable Forms from Different Objects 


Objects from which filtrates were obtained 


Young cultures 


4- hour culture in meat-peptone broth 


4- hour culture in wnens-pepnene broth with 
addition of egg medium (10%) 


6- hour culture in casein broth with addition 


of egg medium (10%) _ 


Number of 
regenerated 
filterable 
forms 


|Number of 


filtrates 


Aeration investigated 


Total 


Old cultures 


30-60-day broth cultures treated in the shaker 92 


Suspensions of 20 X 10° microogranisms in 
distilled water, frozen and thawed twice 


Total 


cultures, grown in conditions favorable to growth (nutri- 
ent medium, aeration), and in the old cultures, subject- 
ed to the destructive treatment, took place equally rare- 
ly (33 of 377). The number of regenerated, secondary 
strains from filtrates of the young cultures (17 of 197) 
and from old cultures exposed to cell-destructive action 
(16 of 180) was roughly equal. 

It may also be seen from the table that neither 
aeration nor cooling had any appreciable effect on the 
formation of secondary strains, Secondary strains were 
grown most often (19 of 33) on meat-peptone agar with 
¥h of filtered lyzate of Sarcina followed by subsequent 
subculture in 10% serum broth. 

The growth of the secondary cultures on agar was 
hardly visible to the naked eye; they appeared as bead- 
like, slowly growing, greyish-blue microcolonies, which 
on subculture in broth gave submerged growth in the 
form of a precipitate, causing slight clouding of the 
broth. 

Microscopic examination showed that the second- 
ary strains consisted of Gram-negative bacilli with term- 
inal swellings, or of short Gram-negative rods, Biochem- 
ically,all the strains isolated were inert and did not de- 
compose sugars (when tested on a small number of vari- 
ous sugars), 

The experimental results demonstrate that the fre- 
quency of positive subculture of secondary strains from 
filtrates was insignificant, and was dependent neither on 
the age of the original culture nor on the conditions of 
its growth, Filterable forms were obtained in approxi- 
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mately the same number of cases from young cultures 
grown in favorable conditions and from cultures treated 
with cell- destructive agents, after repeated subculture 
on various media, 

Of the media which we used, that containing lyzates 
of Sarcina merits attention and further study, 


SUMMARY 


Three hundred seventy-seven Escherichia coli fil- 
trates were investigated for the presence of filterable 
forms. Seventeen secondary cultures were recovered 
from a total of 197 filtrates obtained from young 4-6 
hour cultures grown on egg and egg-casein broth with 
aeration, i. e., in conditions favorable for growth, Six- 
teen filterable forms were isolated from the remaining 
180 filtrates of old (30-60 day) cultures of the same Es- 
cherichia coli strain, subjected to shaking, or double 
freezing and thawing, i. e., to effects destroying the bac- 
terial cell, Thus, the supposition of some scientists, that 
the number of isolated secondary cultures depends on 
favorable growth conditions of the initial culture, was 
not confirmed by our investigations. 


LITERATURE CITED 
N. N. Zhukov-Verezhnikov and A, P, Pekhov, 
Zhur. Mikrobiol., £ pidemiol. i Immunobiol, 5, 
14 (1957). 
G. P. Kalina, in; Inheritance and Variation in 
Plants, Animals and Microorganisms[In Russian), 
( Moscow, 1939) Vol, 1, p. 285, 





G. P. Kalina, Abstracts of Proceedings of a Confer- 
ence on “Variation of Microorganisms and Bacteri- 
ophage”" [In Russian] (Moscow, 1958)p, 35, 

K. S. Karpuzidi and M, S. Drozhevkina, Zhur, 


Mikrobiol., fpidemiol, { Immunobiol, 6, 92 (1957). 


V. A. Krestovnikova, Abstracts of Proceedings of a 
Conference on "Variation of Microorganisms and 
Bacteriophage” [In Russian] (Moscow, 1958) p, 37. 
S. N. Muromtsev, Zhur, Obshchei Biol, 12, 3, 161 
(1951). 


V. D. Timakov, R: S. Mikhel'son, L. S. Kolyadits- 
kaya et al., Zhur. Mikrobiol., Epidemiol, i 
Immunobiol, 10, 36-40 (1951), 

V. D. Timakov, R, S. Mikhel'son, L. S. Kolyadits- 
kaya et al., Zhur Mikrobiol., Epidemiol. i 
Immunobiol, 2, 25 (1952), 

V. D. Timakov, G, Ya, Kagan, E. I. Kopteleva et 
al., Transactions of the Institute of Microbiology of 
the AN SSSR [In Russian], p. 25. 

V. D. Timakov, G, Ya. Kagan,and E, I. Kopteleva, 
Transactions of the Institute of Microbiology of the 
AN SSSR[In Russian], p. 225, 





EXPERIMENTAL BIOLOGY 


CHANGES IN THE FUNCTION AND STRUCTURE 
OF THE ADRENAL CORTEX AFTER AUTOTRANSPLANTATION 


V. K. Kulagin and D. Ya. Shurygin 


Department of Pathological Physiology (Head, Corresponding 
Member AMN SSSR Prof. I. R. Petrov) and Department No. 1 of 
Therapeutics (Head, Prof. V. A. Beier) of the Order of Lenin S. M. 


Kirov Military Medical Academy, Leningrad 


(Presented by Active Member AMN SSSR N. G. Khlopin) 
Translated from Byulleten’ fksperimental'noi Biologii i Meditsiny, Vol. 50, No. 9, 


pp. 108-112, September, 1960 
Original article submitted August 29, 1959 


Besides its own special interest, autotransplantation 
of the adrenals has attracted our attention because by 
means of this method the reactivity of the animal body 
can be studied during changes in the functional state of 
the adrenal cortex, It is now known that after autotrans- 
plantationthe medullary substance of the adrenals rap- 
idly degenerates, but the cortex, while undergoing de- 
generative changes, soon begins to regenerate [1-3,6,7, 
10}. Degenerative changes arise primarily in the zona 
fasciculata and zona reticularis, and regeneration begins 
in the cells of the subcapsular layer [4], Regeneration of 
the cortex is complete in a month [5]. 

As a result of autotransplantationthe medullary sub- 
stance of the adrenals is thus irreversibly lost, whereas 
the cortex is present in different functional conditions, 
depending on the interval after operation, It must be 
borne in mind, moreover, that after autotransplantation 
the organ is also denervated, 


EXPERIMENTAL METHOD 

White rats weighing 160-200 g, of both sexes, were 
used in the experiments, The operation of transplanta- 
tion of the adrenals was carried out under light ether 
anesthesia, The rats were fixed in the prone position, 
The skin over the spine was incised (observing measures 
of asepsis and antisepsis), and the vertebral muscles ex- 
posed, Division ot these muscles on both sides of the 
vertebral column in the region of the superior poles of 
the kidneys gave access to the adrenals, These glands 
were completely freed from their attachments and re- 
buried in the peritoneal cavity near their natural loca- 
tion. The muscles and skin were sutured with silk. 

Before and after the operation of transplantation of 
the adrenals, observations were made of the general 
condition and behavior of the animals, the healing of 
the operation wounds, the weight and the body tempera- 
ture, which was measured rectally, In part of the ex- 
periments (10 rats) the reaction of the eosinophils of the 


peripheral blood was studied in response to the intra- 
muscular injection of adrenocorticotropic hormone (0,1 
unit per rat), Blood for eosinophil counting was taken 
from the tail, and diluted with Dunger's reagent, 

At the end of the experiment the rats were sacrificed 
bydecapitation, and the adrenals were removed for 
histological examination (fixation in formalin, staining 
with hematoxylin-eosin), Altogether,75 experiments 
were performed. In 10 of these the indices chosen were 
studied in normal rats; in 10 experiments the operation 
was performed as described above,but the adrenals were 
not transplanted (“false” operation); in 15 experiments 
the adrenals were removed; and in other series of ex- 
periments (40 rats) the chosen indices were studied at 
various intervals of time after autotransplantation (7, 
15, 60 and 80 days), 


EXPERIMENTAL RESULTS 

The animals withstood the operation of transplanta- 
tion of the adrenals relatively well, After the ” false” 
operation all the rats survived, After autotransplantation 
of the adrenals the mortality was 24%, and after remov- 
al of the adrenals,60%. The animals died during the 
period from the fifth to the twentieth day after opera- 
tion. In the first days after operation the rats were leth- 
argic and sluggish. The comparatively high rate of sur- 
vival among the rats after autotransplantation of the ad- 
renals was evidently due to the presence of additional 
adrenal tissue in these animals. At the beginning of the 
second week the state of the animals undergoing opera- 
tion improved appreciably. 

In the rats with transplanted adrenals the operation 
wounds healed, as a rule,by first intention. In contrast 
to this, in most of the animals after the “false* opera~ 
tion suppuration took place in the wounds, which then 
healed by second intention. The difference observed in 
the wound healing may evidently have been due to a de- 
crease or loss of the mineral corticoid activity of the 





adrenal cortex after transplantation of the glands, since, 
according to reports in the literature [9],the violent 
course of the inflammatory reaction is due to an increase 
in the secretion of mineral corticoids. The growth of the 
hair around the operation wound in rats with transplant- 
ed adrenals was retarded by comparison with the rats 
subjected to the “false” operation; the hair fell out also 
in other parts of the skin, demonstrating the appearance 
of trophic disturbances. 

The operation of transplantation of the adrenals had 
no appreciable effect on the temperature, and the 
changes that were observed were not of a regular pat- 
tern. By comparison with the animals undergoing the 
"false" operation, the rats with transplanted adrenals 
gained more in weight, especially in the series of ex- 
periments in which the animals periodically received 
ACTH. Two months after operation the weight of the 
animals with transplanted adrenals increased by 34%, 
but the weight of the same rats receiving ACTH had 
increased by 52% over the initial weight (the difference 


between the mean values is statistically significant, 
R = 0.27) If the definite influence of the adrenal cor- 


tex on growth and development of the animal is taken 
into consideration (which may be judged in particular 
by the increase in weight of the growing rats), it may be 
postulated that the administration of ACTH after auto- 
transplantation stimulates the restoration of the function 


of the transplanted adrenals. 
Histological study of the autotransplanted adrenals ‘ 


showed the following (Fig. 1): One week after autotrans- 
plantation, a varying degree of progressive regeneration 
of the cortical substance was observed in the adrenals, 

as shown by the considerable hyperplasia of the deep 
layers of the capsule and subcapsular blastema, and by 
the formation of a zone of adrenal cortical cells. From 
its structural features, the latter zone had not yet formed 
typical cell complexes of the zona glomerulosa, 
which made it difficult to differentiate the regenerating 
tissue into typical zones of the cortex. 

The regenerate area was very hyperemic, Onsection, 
the processes of regeneration were unevenly developed 
around the circumference of the organ. The central 
area of the transplant was dead. In individual rats of 
this group a considerable leucocytic infiltration of the 
outer layers of the necrotic parenchyma of the adrenal 
cortex was observed. 

Two weeks after autotransplantation the almost 
complete regeneration of all the layers of the cortex 
was Observed, and the zonal structure of the cortical 
layer was Clearly apparent. The adrenal cortex was 
grossly hyperemic. In the deep layers of the cortex, 
intensive infiltration by leucocytes was observed. Two 
months after autotransplantation complete regeneration 
of the cortical substance had taken place,and its divi- 
sion into zones was pronounced. Medullary substance 
was absent (Fig. 3). 
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Fig. 1. Adrenal gland one week after autotransplanta- 
tion. Hyperplasia of the deep layers of the capsule 
and of the subcapsular blastema. Stained with hema- 
toxylin-eosin. Magnification 30 x. 


In order to evaluate the functional state of the 
adrenal cortex after autotransplantation,changes in the 
number of eosinophils in the peripheral blood in re- 
sponse to the injection of ACTH were analyzed. With the 
dose of the hormone selected (0.1 unit /rat}, on the fourth 
day after injection of ACTH into healthy animals the 
eosinophils had completely disappeared from the periph- 
eral blood. It must be pointed out that injection of the 
hormone at first caused, as a rule, an increase in the 
number of eosinophils, presumably as the result of a re- 
distributive leucocytosis, and then a gradual fall to their 
complete disappearance after 3-4 hours. In contrast to 
this, in the animals with transplanted adrenals, changes 
of an unusual character in the eosinophil count were 
observed in response to the injection of ACTH. During 
the first 24 hours after operation, injection of ACTH led 
to an increase in the eosinophil count, which lasted un- 
til the third hour, after which it returned to its initial 
level,or to a higher level than before operation. The 
phase of eosinopenia was thus absent at this period. On 
the third day after operation, immediately after a slight 
fall, a progressive increase was observed in the eosino- 


* This investigation was carried out in consultation with 
Prof. E. A. Moiseev. 





phil count. On the sixth or seventh day the curve show- 
ing the changes in the eosinophil count was almost nor- 
mal in character, although at a much higher level. On 
the 14th day the initial number of eosinophils was lower 
than in previous investigations, but the injection of 
ACTH caused a distorted reaction — an increase in the 
number of eosinophils. On the 20th and 27th days after 
operation the reaction of the adrenal cortex to injection 
of exogenous ACTH was also abnormal. Only on the 56th 
day did _ the reaction of the eosinophils in response to 
injection of the hormone become normalized at a lower 
level of the eosinophil count in the peripheral blood. 
The results of these investigations confirmed the 
description in the literature of the course of the morpho- 


Fig. 2. Autotransplanted adrenal gland 2 weeks after 
Operation. Welleadvanced regeneration of the cortex 
can be seen. Stained with hematoxylin-eosin. Mag- 


nification 30x. 


logical changes in the adrenals after autotransplantation. 
During the first few days after operation degenerative 
changes occurred in both cortical and medullary sub- 
stance. Soon, however, the cortical substance began to 
regenerate. Source of regeneration was the cells of the 
subcapsular blastema. Whereas one week after operation 
regeneration of the cortical substance was confined to the 
subcapsular layer, after 2 weeks the almost complete re- 
storation of the adrenal cortex was observed, and the 
characteristic zonal structure of the cortex gradually be- 


came apparent. Two months after autotransplantation 
regeneration of the cortical substance was finally com- 


plete. 


The autotransplanted adrenals responded for a con- 
siderable time by an abnormal reaction (judging by 
changes in the number of eosinophils in the peripheral 
blood) to injection of exogenous ACTH, which was 
associated either with the functional imperfection of the 
cortical cells or with the denervation of the adrenals. It 
is most probable that both factors are important [2]. On 
the basis of this investigation and of information in the 
literature, the sequence of changes in the function of 
the autotransplanted adrenals may be represented sche- 


matically as follows; 1) the period of acute adrenal 


Fig. 3. Autotransplanted adrenal gland 2 months after 
operation. Complete regeneration of the cortical sub- 
stance with marked zonal pattern. Medullary sub - 
stance absent. Stained with hematoxylin-eosin. 
Magnification 30 X. 


cortical insufficiency ~— 1-2 weeks after operation; 

2) the period of relative adrenal insufficiency — 2-4 
weeks after operation; 3) the period of normalization of 
the adrenal function. 

The second and (in particular ) the third periods are 
characterized by the complete,or almost complete,re- 
storation of the structure of the organ. However, the 
presence of a higher eosinophil count than initially, to- 
gether with the abnormal reaction of the adrenal cortex 
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to ACTH, is evidence of the functional impairment of 
the adrenal glands. 

The possibility cannot be entirely ruled out that 
hyperfunction of the adrenals may develop at a later 
period after autotransplantation, as occurs after ligation 
of the vessels supplying the adrenal gland. In these 
conditions, in association with morphological changes in 
the regenerating cortical substance analogous to those 
described above, hyperfunction develops, as may be 
judged by the increased excretion of 17-ketosteroids in 
the urine, the more energetic reaction of the adrenals to 
the administration of ACTH and the hypertrophy of the 
anterior lobe of the pituitary [8]. 


SUMMARY 

Experiments were performed on white rats at vari- 
ous periods following autotransplantation of the adrenal 
glands, The authors studied the morphological changes 
occurring in the adrenals, the weight and temperature 
of the body, the wound healing and the reaction of the 
transplanted adrenal glands to ACTH administration, 

Proof was obtained that autotransplantation is fol- 
lowed by complete degeneration of the medullary, and 
partial degeneration of the cortical, substance. After 
a week, however, the cortical substance begins to pro- 
liferate, with the cells of the subcapsular blastemaserv- 
ing as a source of regeneration, At the end of the sec- 
ond week regeneration of the cortical substance is al- 
most complete, and typical zones of adrenal cortex ap- 
pear. Restoration of the function of the adrenal cortex 


takes place later, since during the first month there is 
a relatively large number of eosinophils in the peripheral 
blood and an inadequate eosinophilic reaction in response 


to ACTH administration, 


Periodic ACTH administration 


has a favorable effect upon the growth and development 
of rats with transplanted adrenal glands. 


10, 
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In a previous communication [3] we reported find- 
ings relating to the distribution of glycogenin the uterus 
and placenta of white rats. In the present research our 
aim was to investigate the content and distribution of 
glycogen in the human placenta during the early stages 
of its development. 

There have been very few histochemical investiga- 
tions of the carbohydrate metabolism of the human pla- 
centa, Wislocki and Dempsey [4], using Bauer's method, 
investigated the glycogen in 9 uteruses at the 8th-16th 
week of pregnancy. S. S. Kasab'yan [2], using Shaba- 
dash‘'s method, investigated the glycogen in human pla- 
centas, but without taking into consideration the term 
of pregnancy. This author claims that before three 
months of pregnancy the villi and decidual tissue are 
rich in glycogen, but that later the glycogen content 
falls sharply. He found glycogen in large quantities in 
the cytotrophoblast (in 75% of cases) and in the syncitial 
layer (in more than 60% of cases). He found glycogen 
comparatively rarely in the stroma of the villi (in 20% 
of cases). A. P. Dyban{[1], using the methods of Shaba- 
dash, Lillie, Shigimitsu and Kumamoto, detected glyco- 
gen in the human chorion at the 4th-10th week of preg- 
nancy, and showed that glycogen is localized in the 
cytotrophoblast of the villi and of the chorial plate. In 
his opinion, the plasmoditrophoblast is devoid of glyco- 
gen. 


METHOD 

The material studied consisted of the chorion and 
placenta from women at the 4th to the 40th week of 
pregnancy. The material was fixed within 2 hours of 
abortion,or premature or full-term labor. Pieces from the 
maternal and fetal surfaces of the placenta were excised. 
Fixation was carried out in a mixture of absolute alcohol 
and neutral formalin. The glycogen was determined by 
the Bauer-Feulgen method. In the preparation of the 
Feulgen's reagent and therinsing fluid, sodium bisulfite 
was replaced by sodium metabisulfite (or sulfite). 


Paraffin-wax sections were cut to a thickness of 6-8 p 
and spread out in a drop of 4% chromic acid, which was 
applied to a glass slide, previously smeared with egg- 
white and glycerol. The dewaxed sections were taken 
through alcohols to 4% chromic acid, the latter being 
added, in the form of the anhydride, to 70°, 45°, and 30° 
alcohols. After treatment with 30° alcohol, the sections 
were rinsed in 3 changes of 4% chromic acid. Their 
staining was always controlled by means of phthyalin. 
The nuclei of the cells were stained with hemalum, 
azure-2, methyl violet, methyl green and methylene 
blue, and also with malachite green. The best results 
were obtained with the last three stains. Since the cells 
did not have a uniform content of polysaccharide, we 
distinguished three degrees of glycogen content, and 
used the following terms to define them. The presence 
of glycogen in the cell in the form of solitary granules 
was designated as “traces? the presence of glycogen in 
the apical or basal portion of the cell only, or in the 
form of many granules scattered throughout the cell, as 
" little *, and when the whole cell was filled with glyco- 
gen, we described this picture by the term * much * 
glycogen. 


RESULTS 

At the fourth or fifth week of pregnancy the human 
chorion possesses secondary villi, which are beginning 
to undergo vascularization. The villi are covered with 
trophoblast, in which an inner cellular, and an outer syn- 
citial, layer may be distinguished. We found glycogen 
in the stroma and trophoblast of the majority of villi, in 
the cell knots, the endothelium of the fetal vessels, the 
uterine epithelium, the epithelium and lumen of the 
glands, the decidual cells and the intercellular spaces 
at the site of destruction of the connective tissue of the 
uterine mucous membrane under the influence of the 
chorial syncitium. 

In the cellular layer of the trophoblast there was 
much glycogen (see figure, a) and only in a few cells 
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was none present. In the stroma of the villi there was 
little glycogen. There was also little glycogen in the 
epithelium of the uterus; it was present in many cells 
of this epithelium, and was localized in the basal or api- 
cal part of these cells, sometimes forming a sharply out- 
lined narrow band. 

There was little glycogen in the large decidual 
cells; in the unchanged connective tissue of the stratum 
spongiosum between the uterine glands, glycogen was 
found rarely,in the form of traces. There was much gly- 
cogen in the epithelium of the altered glands; the bulk 
of the glycogen was localized usually in the apical div- 
isions of the epithelial cells. There was also much gly- 
cogen in the lumen of these glands, where it was found 
in the form of freely lying droplets of different sizes. 
The largest quantity of glycogen was observed in the 
cell knots connected with the villi. Glycogen could be 


Distribution of glycogen (black dots) in the villi of 
the human chorion at the 4th-5th (a), 12th (b), 16th 
(c), 20th (d), and 40th (e) weeks of pregnancy. 

1) Nuclei of trophoblastic syncitium; 2) cells of 
Langhans; 3) stroma of villi; 4) fetal vessels. Mag- 
nification: ocular 7X; objective 90x . 
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detected until the end of pregnancy in the endothelium 
of the fetal vessels and the leucocytes of the maternal 
blood. 


At the 12th week the decidua basalis reach- 
es its highest development, the villi become more ram- 
ified,and the cellular layer of the chorionic epithelium 
is slightly thinned. At this stage of development, as 
hitherto, there was much glycogen in the layer of Lang- 
hans, in the cells of which mitotic figures were some- 
times encountered (see figure, b). In the stroma of the 
villi its amount was increased. In the decidual cells 
there was little glycogen, and much in the cell knots. 


At the 16th week of pregnancy glycogen was detect- 
ed in the cells of Langhans as before. There was much 
glycogen in the connective tissue of the villi (see figure, 
c). In the cell knots, often permeated with fibrinoid, 
there was also much glycogen. Cell knots, connected 
with villi, were encountered more frequently in the sec- 
tions,and they were larger in size; mitoses were seen 
among the cells of the knot. They arose as a result of 
proliferation of the cells of Langhans; the nuclei of the 
syncitium divided by amitosis. Glycogen was found in 
the form of tiny granules in the walls of the umbilical 
vessels and in the Wharton's jelly of the umbilical cord. 


At the 20th week of pregnancy there was little gly- 
cogen in the decidual cells. In the fibrinoid masses, 
light islands ("infarcts") could be seen in the degenerat- 
ing stroma of the villi, in which many clumps and drops, 
often of large size, of glycogen were present. There was 
also much glycogen in the stroma of the normal villi. 
None whatsoever was found in the Kashchenko- Hofbauer 
cells. Cells of Langhans were found singly, and only in 
rare cases in the form of a continuous layer; mitoses 
were sometimes found in them. Glycogen was observed 
in these cells in the form of one or a few, often large, 


granules; in some cells it was completely absent (see 
figure, d). Glycogen was also found in the walls of the 
umbilical vessels; in the umbilical vein it spread slight- 
ly beyond the limits of the muscular layer. No glycogen 
was found in the remainder of the thickness of the umbil- 


ical cord. 

At the 40th week of pregnancy glycogen was noted 
as traces _in the cytoplasm of the few remaining ae- 
cidual cells. The villi had little glycogen in their stro- 
ma and epithelium at their points of attachment to the 
decidual tissue. Many cell knots were penetrated by 
fibrinoid. Between the cells of the knots there was 
little glycogen, but much was present in the stroma of 
the villi with which these knots were connected. The 
“white infarcts” in the fibrinoid masses contained ei- 
ther little or much glycogen. In the connective tissue 
and walls of the vessels of the larger villi much glycogen 
was present. In occasional cases villi were found with 
cells of Langhans containing glycogen in the form of a 
few, sometimes large granules (see figure, e), In the 





leucocytes of the fetal blood glycogen was observed at 
the 20th, 32nd, 34th, 36th, and 40th week of pregnancy. 
In conclusion it must be pointed out that glycogen 
was present throughout pregnancy in the ectodermal 
epithelium of the amnion and the mesenchymal cells of 
the chorionic plate, in the extraplacental chorionic, and 
also the amnion. Glycogen was also found in the form 
of tiny granules in the whole thickness of the umbilical 
cord until the 16th week,inclusive; at the 20th week of 
pregnancy it was present only in the wall of the umbili- 
cal vessels, with a very slight spread beyond the limits 
of the muscular layer of the umbilical vein. The cell 
knots contained much glycogen at the beginning of preg- 
nancy; its total content here increased in the course of 
pregnancy, but in the last third of pregnancy, with the 
increase in the fibrinoid in the cell knots the quantity of 
glycogen diminished, and at the 40th week it was seen 
insmall quantities only between the cells. In the 
stroma of the villi there was little glycogen at first, but 
its content later increased; in the second half of pre- 
gnancy hardly any glycogen was observed in the stroma 
of the smaller villi; it was present in large amounts in 
the stroma of the larger and main villi. In the cells of 
Langhans, glycogen was found throughout pregnancy; in 
these cells there was much glycogen at first, but later, 


with loss of the layer of Langhans, its content diminished, 


No glycogen was detected in the syncitial layer of 
the trophoblast throughout the whole of pregnancy, which 


is contrary to the observations of S. S. Kasab*yan [2], and 
in agreement with those of A. P. Dyban [1]. 


SUMMARY 
Glycogen was determined by the Bauer-Feulgen 
method in the chorion and placenta of 4- to 40-weeks- 


pregnant women. It could be detected through the 
whole pregnancy in the ectodermal epithelium of the 
amnion and mesenchymal cells of the chorion laeve, 
extraplacental chorion,and amnion. Glycogen was also 
found throughout the entire cross section of the umbili- 
cal cord up to the 16th week inclusive; at the 20th 
week of pregnancy glycogen was determined only in the 
wall of the umbilical vessels,with an insignificant spread 
beyond the muscular layer of the umbilical vein, With 
the progress of pregnancy the amount of glycogen in the 
cellular nodules increased, but in the last third of pre- 
gnancy, with the rise of the fibrinoid content, the a- 
mount of glycogen in the cellular nodules began to drop; 
at the 40th week of pregnancy it could be detected on- 
ly in small amounts between the cells. The glycogen 
level in the stroma of the villi was low at first, but rose 
later; large amounts of glycogen were found in the stro- 
ma of the larger and stem villi during the last half of 
pregnancy; it was almost entirely absent in the stroma 
of smaller villi. Glycogen was revealed in the Lang- 
hans’ cells throughout the whole period of pregnancy, 
whereas in the syncitial layer of the trophoblast it was 
absent altogether. 
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An important histochemical characteristic of the 
epithelium of the urinary tract in mammals is its high 
glycogen content. The transitional epithelia of the 
urinary bladder, the ureters and the renal pelvis show a 
particularly high content of this polysaccharide [7, 8, 
10}. The collecting tubules, situated between the neph- 
ron and the transitional epithelium of the pelvis, also 
contain glycogen, but in a smaller quantity [11]. Gly- 
cogen cannot be detected histochemically in the re- 
maining epithelial structures of the kidney. 

The role of glycogen in the urine excretory system 
remains unclear, For its evaluation,information must be 
obtained on the distribution of glycogen in different 
functional conditions and at different stages of onto- 
genetic development. It is known, in particular, that in 
newborn rabbits, guinea pigs and man the collecting 
tubules contain far more glycogen than the same struc- 
tures in adult animals [6]. 

In this communication findings are presented relat- 
ing to the distribution of glycogen in the urine excretory 
system of the rabbit's kidney during embryogenesis and 
postnatal development, both in normal conditions and 
after administration of pituitrin 


EXPERIMENTAL METHOD AND RESULTS 


The investigation was carried out on 15-to 28-day 
embryos and on young animals up to 3 months of age. 
The kidneys were fixed by Shabadash's method and 
sections were stained by the periodic acid-Schiff method 
for polysaccharides with or without counterstaining with 
alum-hematoxylin. Control sections were stained after 
treatment with amylase. 

In the mesonephros (15-day embryo) the collecting 
system consists of the Wolffian duct, which passes in its 
posteromedial part. The single layer of cubical epithe- 
lium of the Wolffian duct can be distinguished among 
the tubules of the mesonephros, for, in contrast to the 
latter ,it contains many large clumps of glycogen, filling 
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the apical and basal parts of the cytoplasm of its cells. 

In the lumen of the Wolffian duct there are many clumps 
and flakes of glycogen, secreted by its cells. At the 
points of entry of the mesonephric tubules into the 
Wolffian duct there is a sharply defined border (Fig. 1, 

a) of the glycogen content. 

In the metanephros of 17-19-day embryos the super- 
ior divisions of the collecting tubules begin in the outer 
parts of the cortical layer, almost directly beneath the 
renal capsule. In the cortical layer, at the site of the 
junction of the collecting tubules with the renal tubules, 
a clear border is formed in the glycogen distribution. In 
the renal tubules there is no glycogen, whereas in the 
most proximal parts of the collecting tubules clumps of 
glycogen can be seen. As we progress down to the pelvis, 
the glycogen content of the epithelium of the collecting 
tubules increases sharply (Fig. 1, b). In the lower parts 
of the large collecting tubules, near the papilla of the 
pyramid, the cells are distended with masses of glycogen, 
so that after treatment with amylase the cells appear 
empty, and the epithelium has the form of an empty 
honeycomb (Fig. 1, c). On descending from the begin- 
ning of the collecting tubules to their lower divisions, 
just as the cubical epithelium gives way to a high pris- 
matic epithelium, and very large amounts of glycogen 
are accumulated therein, so the cell nuclei are displaced, 
ed, first into the central, and later into the most apical 
part of the cytoplasm, facing the lumen of the coliect- 
ing tubule. In the superior parts of the collecting tubules, 
glycogen is present in the lateral and apical portions of 
the cytoplasm of the epithelial cells, and in the middle 
divisions of the tubules, in both apical and basal portions 
of the cytoplasm; while in the inferior divisions of the 
collecting tubules it is found beneath the nucleus, filling 
the central and basal parts of the cytoplasm (Fig. 1, d). 
The same structure is present in the single-layered cyl- 
indrical epithelium of the pelvis covering the papillae 
of the pyramids, where characteristic polypi are formed, 





which are filled with glycogen. The opposite wall of 
the pelvis is lined with a single layer of flat epithelial 
cells with a small amount of glycogen. 

In the kidney of 25-29-day embryos the collecting 
tubule system as before is distended with glycogen, and 
in the middle divisions of the collecting tubules it is 
also present in their lumen. 
the medullary layer the whole cytoplasm is filled with 
glycogen, forming solid accumulations, and the cell 


In the collecting tubules of 


nuclei are displaced to the apical pole, i.e., are turned 
to the lumen of the tubules. In individual cells of the 
collecting tubules in the medullary layer, the lower half 
of the cytoplasm does not contain glycogen, and it shows 
empty spaces like those after discharge of secretion. In 
the neighboring glycogen-containing cells secretion of 
glycogen can be seen in the form of grains or clumps 
from the cytoplasm of the epithelial cells beneath the 
single layer of cells. There is no visible destruction of 
the cytoplasm of the epithelial cells during this process, 
which is more of the character of halocrine secretion. 
This picture cannot be regarded as an artifact, due to 
penetration of the fixing agent or to cutting on the 
microtome (Fig. 1, €). 

In the middle and superior divisions of the medul- 
lary layer, in the mesenchyme surrounding the collect- 
ing tubules,a large quantity of glycogen is secreted in 
the form of small and larger clumps, lying between the 
cells, within the mesenchymal cells and in the endo- 
thelium of the vessels (Fig. 1, f). Meanwhile, glycogen 
is never found in the epithelium or in the lumen of the 
loop of Henle, which is situated This shows that 
this picture is not an artifact, due to diffusion. The 
character of the relationship between the glycogen in 
the mesenchyme around the collecting tubules and the 
process of its secretion has not yet been explained. It 
should be pointed out that there are very few capillaries 
in this part of the medullary layer. In the lower divi- 
sions of the medullary layer, at the base of the pyramids, 
where the collecting tubules are surrounded by a dense 
capillary network, the pattern of distribution of glycogen 
is quite different. Here,too, in the wall of the collecting 
tubules, the epithelium of which is also distended with 
glycogen, cells are encountered in which the lower half 
of the cytoplasm consists of an empty space, and the 
secretion of clumps of glycogen from the basal portions 
of the epithelial cells beneath the single layer of cells 
may be observed. In the surrounding mesenchyme, how- 
ever, glycogen is present in small amounts or complete- 
ly absent. It only reappears in the mesenchyme beneath 
the epithelium of the pelvis, at the apex of the papilla- 
a zone, moreover, which contains a small number of 
capillaries. On its hilar aspect, the pelvis is lined with a 
transitional epithelium of 3-4 layers, with no vertical 
anisomorphism, and containing a large quantity of gly- 
cogen. Beneath the epithelium there is a dense network 
of capillaries; no glycogen may be seen in the connect- 


here. 


ive tissue beneath the epithelium. In the large collect- 
ing tubules, as__in the epithelium of the pelvis, secre- 
tion of glycogen takes place in the form of clumps 
through the surface layer of cells into the lumen, where 
they aggregate into floccular masses. Discharge of gly- 
cogen into the lumen takes place by means of secretion 
from the apical portions of the cell without destruction 
of the cytoplasm. 

In the newborn rabbit, by comparison with the em- 
bryos at the end of intrauterine development, the gly- 
cogen content of the upper part of the collecting tubules 
is diminished where they pass through the cortical sub- 
stance, In their middle and lower portions, however, ly- 
ing in the medullary layer, a large amount of glycogen 
is present as before, filling the cytoplasm of the epithe- 
lial cells, especially its basal part. By comparison with 
the preceding stages, the cell nuclei here have under- 
gone displacement, and instead of apically, are now 
centrally or even basally situated. In the superior divis- 
ions of the medullary layer, as before, the discharge of 
clumps of glycogen beneath the layer of epithelial cells 
is observed. In the transitional epithelium of the pelvis 
appears a layer of smaller, basal cells, not containing 
glycogen. The overlying layers contain glycogen, but 
in smaller quantities than in the epithelium of the col- 
lecting tubules. 

In the young animals, in the course of the first two 
weeks, a very large quantity of glycogen is present in 
the collecting tubules. The content of glycogen in their 
epithelium later diminishes, 

In the adult rabbit, the epithelium of the superior 
divisions of the collecting tubules, lying in the medul- 
lary layer, contains a small number of tiny clumps of 
glycogen. On passing into the subjacent layers, its 
quantity increases slightly, and the small granules of 
glycogen are concentrated in the apical and basal por- 
tions of the cell. Throughout the whole length of the 
collecting tubules, the cell nuclei are situated basally. 
Glycogen is present in the lumen of the large ‘collecting 
tubules, but there is none in the surrounding mesenchyme. 
In the large collecting tubules close to the papilla of the 
pyramid there are intraepithelial spaces filled with the 
polysaccharides of mucus, resistant to the action of 
amylase. 

The transitional epithelium covering the pad of fat 
in the region of the pelvis consists of 3-5 layers of cells 
with characteristic division into zones. The smaller bas- 
al cells do not contain glycogen; the overlying layers 
contain large amounts of it. The single-layered epithe- 
lium covering the renal pyramid on its pelvic aspect 
contains diffuse masses of glycogen in the basal portions 
of the cells and a small quantity of a polysaccharide not 
fermented by amylase in the apical parts of the cyto- 
plasm. 

Administration of pituitrin, causing a more inten- 
sive reabsorption of water in the collecting tubules of 
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the kidney, is accompanied [1] by significant changes 

in the epithelium of these tubules. Under these circum- 
stances we observed characteristic changes in the glyco- 
gen distribution. In young animals, in which the collect- 
ing tubules are normally still rich in glycogen (Fig. 2, 
a), administration of pituitrin caused after 30-60 min- 
utes a characteristic process of glycogen secretion into 
the lumen of the collecting tubules (Fig. 2, b) and into 
the surrounding connective tissue (Fig. 2, c). In the 
adult animals, in which there is normally little glycogen 
in the collecting tubules (Fig 2, d), after administration 
of pituitrin, glycogen accumulates and is secreted 
through the apical surface of the cells into the lumen of 
the collecting tubules, and if the dose of pituitrin given 
is small, this secretion proceeds according to the mero- 
crine pattern, i.e.,without destruction of the cytoplasm 
(Fig. 2, e). 

A high content of glycogen is thus a characteristic 
feature of the urine excretory system of the kidney 
throughout the whole of embryogenesis. This sign, more- 
over, sharply distinguishes this system from all other 
epithelial structures of the kidney, and is common to the 
Wolffian duct of the mesonephros and the collecting 
tubules, and to the pelvis of the metanephros. The high 
glycogen content in the collecting tubules and pelvis of 
the embryonic kidney cannot be accounted for by their 
more intensive rate of growth. Both during stages of 
organogenesis when they proliferate intensively, out- 
stripping in this respect the nephrogenic tissue, and dur- 
ing later stages when their growth is slowed, the epithe- 


lium of the collecting tubules is distended with glycogen. 


At the period of maximum accumulation of glyco- 
gen in the collecting tubules (20-28 days of intrauterine 
development), the whole cytoplasm of the epithelial 
cell, facing the subjacent mesenchyme, is filled with 
massive deposits of glycogen. Under these circum — 
stances glycogen from the epithelium is secreted into 


the mesenchyme surrounding the collecting tubule, as a 
result of a process analogous to secretion in its character. 
The apical position of the nucleus in the epithelium of 
the collecting tubules, which is seen only at this mo- 
ment, is also presumably connected with the process of 
discharge of polysaccharide from the basal portion of the 
epithelial cells of the tubules into the underlying tissue. 
Glycogen may also be secreted into the lumen of the 
collecting tubules. Morphologically identical secretory 
processes are observed after the administration of pitui- 
trin. 

The importance of the high glycogen content in the 
urine excretory system, and of its secretion, requires ex- 
planation, It can only be postulated that glycogen is of 
more importance here as a plastic,rather than as an en- 
ergy-supplying material, being produced in the course 
of distinctive secretory processes, It is possible that the 
process of secretion of glycogen by the epithelium of the 
collecting tubules bears some relation to the normal pro- 
duction of urine. It must be remembered, on the other 
hand, that when in experimental conditions [2-5] the 
discharge of substances with the histochemical signs of 
glycogen from the transitional epithelium into the con- 
nective tissue may be induced, and the natural connec- 
tion of this epithelium with the vessels may be broken, 
(i.e,, the accumulation of this secreted material may be 
brought about), osteogenesis and hemopoiesis are induced 
in the connective tissue beneath the epithelium, It may 
accordingly be suggested that the secretory processes in 
the epithelium of the urinary tract are related to the 
histogenetic regulation of hemopoiesis or osteogenesis 
(and hence, of the calcium metabolism) of the animal 
body. 

SUMMARY 

Epithelium of the renal tubules in embryos and young 
rabbits contains much glycogen and secretes this sub- 
stance into the lumen of these tubules and the surround- 


Fig. 1. Glycogen in the ‘collecting tubules of the embryonic kidney. a) 15-day 
embryo, Mesonephros. Wolffian duct, Fixation by Shabadash’s method. Per- 
iodic acid— Schiff reaction, Magnification: objective 10X; b) 17-day em- 
bryo. Metanephros. Collecting tubules. Fixation by Shabadash's method, Per- 
iodic acid—Schiff reaction. Magnification: objective 10X; c) 19-day em- 
bryo. Metanephros. Collecting tubules. Fixation by Shabadash's method, 
Treated with amylase, Periodic acid— Schiff + hematoxylin. Magnification: 
objective 24x; d) 19-day embryo. Metanephros, Collecting tubules, Fixa- 
tion by Shabadash's method. Periodic acid— Schiff + hematoxylin. Magnifi- 
cation: objective 24x; & 28-day embryo, Metanephros. Collecting tubules, 
Fixation by Shabadash's method. Periodic acid-Schiff reaction, Magnifica- 
tion: objective 40x; f) 29-day embryo, Metanephros, Collecting tubules, 
Fixation by Shabadash's method. Periodic acid=Schiff reaction. Magnifica- 
tion; objective 24x, 





Fig. 2. Effect of pituitrin on the glycogen of the collecting tubules, a) Young rab- 
bit. Normal. Collecting tubules, Fixation by Shabadash's method. Periodic acid— 
Schiff reaction. Magnification: objective 24x; b) Young rabbit. 30 minutes after 
injection of pituitrin. Collecting tubules. Fixation by Shabadash's method, Per- 
iodic acid—Schiff reaction. Magnification: objective 24x; c) Young rabbit. 60 
minutes after administration of pituitrin. Collecting tubules. Fixation by Shaba- 
dahs’s method. Periodic acid—Schiff reaction. Magnification: objective 24x; 

d) Adult rabbit. Normal, Collecting tubules, Fixation by Shabadash's method. 
Periodic acid—Schiff reaction. Magnification: objective 40X; e) Adult rabbit. 30 
minutes after injection of pituitrin. Fixation by Shabadash's method. Periodic acid= 
Schiff reaction. Magnification: objective 40x. 
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In a previous communication [1] we showed that the 
administration of chlortetracycline to white rats with ex- 
perimental candidomycosis of the lungs, commenced 
simultaneously with the introduction of the infection, to 
some extent aggravates the course of the infectious dis- 
ease, It remained uncertain whether the duration of ad- 
ministration of this antibiotic affected the course of the 
candidomycosis, New experiments were carried out to 
study this aspect of the problem. 


EXPERIMENTAL METHOD 

As before, the white rats were inoculated _intra- 
nasally, The technique of histological investigation re- 
mained the same, 

In the first series of experiments 46 white rats were 
used, with an average weight of 250 g, and were inocu- 
lated with Candida albicans in a dose of 800,000,000 
cells; 2 weeks before inoculation, and until the end of the 
experiment, 23 animals received daily injections of 4000 
units of chlortetracycline. The remaining 23 rats acted 
as controls, Of these animals, 13 died on the first to the 
third day, and the rest were killed with ether at differ- 
ent times from 3 hours to 35 days after inoculation. 


EXPERIMENTAL RESULTS 

The lung changes in the 4 experimental and 4 con- 
trol rats, sacrificed 3 and 5 hours after inoculation, did 
not differ significantly from those described in the pre- 
vious experiments. In these animals a fairly consider- 
able number of pneumonic foci was observed, with a 
predominantly leukocytic exudate, around which were 
many cells and threads of pseudomycelium of the fungus. 
The experimental animals did not differ significantly 
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from the controls. In one of the control rats killed after 
5 hours, besides Candida cells,small collections of large 
coccobacilli were seen, partially phagocytized by leuk- 
ocytes. 

Within 14 hours of infection, 3 experimental rats 
died. Almost the whole extent of the lungs of these rats 
was occupied by inflammatory foci. Their centers were 
the alveolar passages, and along the walls of these and 
also of the small bronchi,there were abundant areas of 
cell proliferation and pseudomycelium threads of yeast- 
like fungi. In the 2 experimental and 2 control rats 
sacrificed at this time, the lung changes were of the 
same character, but were less widespread, and in the 
pneumonic foci a more marked cellular (leukocytic and 
macrophagic) reaction was observed, 

On the second day after inoculation 5 experimental 
and 3 control rats died. The changes in the organs were 
similar to those present in the animals dying during the 
first 24 hours. In one control rat, in places in the in- 
flammatory foci groups of small Gram-positive cocci 
were seen along with proliferating fungus. 

In the 6 experimental rats sacrificed on the third 
to the seventh day,there were fairly extensive areas of 
consolidation with a predominantly macrophagic exu- 
date, At later periods the formation of granulation tis- 
sue was observed, consisting of epithelioid cells, lymph- 
ocytes and a few giant cells, In the center of these foci 
(in the majority of cases) areas could be seen in which 
the alveoli were filled with disintegrating leukocytes, 
Among these were a few palely stained yeastlike fungi. 
In the two killed control rats investigated 3-5 days after 
inoculation, similar but less widespread changes were 





observed, In the two rats which died at the same time, 
spontaneous and severe inflammatory changes were 
found in the lungs and pleural cavities, presumably 
connected mainly with the coccal microflora, In the 2 
control rats sacrificed on the seventh day after inocula- 
tion there were only comparatively few areas of consol- 
idation, in which the alveoli contained epithelioid cells, 
macrophages and lymphocytes, In one of these, ab- 
scesses were also found, caused by the cocci. 


On the 10th-15th day after inoculation, fairly 
widespread foci of consolidation were found in the lungs 
of both sacrificed experimental rats, formed by prolif- 
eration of granulation tissue with the structure described 


above. Within these foci were cavities containing dis- 
integrating leukocytes, cells and threads of the pseudo- 
mycelium of Candida, mostly Gram-negative. The 
same foci, although less often, were found in the two 
rats sacrificed on the 26th and 35th days. In the control 
animals these changes were less pronounced. They were 
present in only 5 of the 8 rats sacrificed on the 10th- 
35th day after inoculation. Under these circumstances 
small abscesses, associated with fungi, were present in 
these foci in only one of the animals, In 5 animals 
large abscesses and,sometimes,bronchiectases were 
found, mainly caused by cocci. Besides these micro- 
organisms, a few palely stained yeastlike fungi could 
be found in the abscesses, 


The results of a quantitative mycological investiga- 
tion of the anterior lobe of the right lung, carried out by 
N. A. Zaikina (Leningrad Institute of Antibiotics) agreed 
on the whole with the results of the pathologoanatomic- 
al study. Only in 6 animals with proliferation of granul- 
ation tissue~among which were abscesses containing 
Gram-negative yeast cells~were no positive Candida 
cultures obtained. 


The prolonged administration of chlortetracycline 
thus evidently aggravated the course of experimental 
candidiasis of the lungs in white rats to a slightly great- 
er degree than when administration of the antibiotic 
began simultaneously with inoculation. This is shown 
by the higher mortality, the more widespread nature of 
the foci in the experimental animals and the more fre- 
quent discovery of fungi in these foci. 


The presence of severe spontaneous infections of the 
lungs by a bacterial flora in a proportion of the control 
animals complicated the evaluation of the effect of pre- 
liminary administration of chlortetracycline, . In this 
connection a supplementary series of experiments was 
carried out in which 36 white rats were inoculated (with 
1,000,000 Candida albicans cells). 


Since, when the experiment was performed in this 
manner, changes were observed in the lungs for a very 
short time, the investigation lasted only the first 3 days. 
In this way the animals could be divided into several 
groups in which the duration of chlortetracycline admin- 


istration differed, The daily dose of the antibiotic was 
4000 units, All the animals were killed with ether. 

In one of the 11 control rats killed 30 minutes after 
infection, solitary cells and (more rarely) small groups 
ofyeastlike fungi were found in the bronchi. After 3 
and 5 hours (4 rats) no free fungus cells were present in 
the bronchi, bronchioles and alveolar passages, Only a 
few macrophages, with protoplasm filled with yeast cells, 
were to be found here. Perivascular and peribronchial 
collections of leukocytes were often found. From 1to 3 
days after inoculation, macrophages with red protoplasm 
{when stained by Shabadash's method) were found in the 
lumen of the bronchi in all 6 animals, This suggested 
that in the protoplasm of these macrophages there were 
remains of lyzed fungi. In one of these rats, during the 
first day, isolated pin-point foci of leukocytes and mac- 
rophages were found, but no yeastlike fungi were pre- 
sent in them. 

In 3 of the 13 rats receiving chlortetracycline 
throughout the experiment from 2 weeks before inocula- 
tion, the changes found 30 minutes and 3 hours after in- 
oculation,respectively, were similar to those present in 
the control animals, Later, a definite difference could 
be observed. For instance, in one of the 2 rats sacrificed 
after 5 hours, a small pneumonic focus was found, with 
an exudate containing mainly disintegrating leukocytes, 

Yeastlike fungi were seen among these leukocytes, 
More extensive changes were observed in one rat sacri- 
ficed 24 hours after inoculation, in which comparatively 
numerous foci of consolidation were found, with an ex- 
udate of leukocytes and macrophages, situated mainly in 
the region of the alveolar passages. In these foci cells 
and short threads of Candida pseudomycelium were com- 
paratively numerous, In the remaining 7 rats, sacrificed 
1-3 days after inoculation, a large number of macro- 
phages could be seen, with red protoplasm(when stained 
by Shabadash's method) in the bronchi and lung tissue - 
more than in the rats of the control group. 

The lung changes which developed in animals re- 
ceiving chlortetracycline only during the 2 weeks before 
inoculation with Candida culture (6 rats) or only after 
inoculation (6 rats) were more marked than in the con- 
trol animals, but less so than in the rats receiving chlor- 
tetracycline throughout the experiment. 


SUMMARY 

The results are presented of pathologicoanatomic- 
al investigations conducted on 82 white rats infected 
intranasally with a Candida albicaps culture. 

Pulmonary candidiasis developed when the animals 
were infected with 800 million Candida cells. The 
mortality rate in animals to which chlortetracycline was 
administered for a period of two weeks prior to infection, 
and after it,was higher than in controls and in those ani- 
mals to which chlortetracycline was given simultaneous- 
ly with the infection. 





Candidiasis failed to develop in infection with one 
million Candida cells, However, in preliminary (espe- 
cially prolonged) chlortetracycline administration, 
multiplication of the fungi occurred with formation of 


inflammatory foci. 
Thus, prolonged preliminary chlortetracycline treat- 
ment contributes to the development of experimental 


candidiasis to a greater degree than when the prepara- 

tion is administered simultaneously with the infection. 
LITERATURE CITED 

A. V. Tsinzerling, Byull. Exsp. Biol. i Med. 47, 

6, 33 (1959)2 od 


° Original Russian pagination. See C.B. translation. 





MORPHOLOGICAL CHANGES IN THE SPINAL GANGLIA 
AND SPINAL CORD OF RABBITS DURING DEVELOPMENT 


OF SHOPE'S VIRUS PAPILLOMA 
A. E. Nadareishvili 


Laboratory of Experimental Oncology of the Institute 
of Experimental Pathology and Therapy (Director, B, A. Lapin) 


and the Laboratory of Neurohistology (Head, Doctor 


Biol, Sci. 


E, K,Plechkova) of the Institute of Normal and Pathological 


Physiology (Director, Active Member AMN SSSR V. 


govskii) of the AMN SSSR, Moscow 


N. Cherni- 


(Presented by Active Member AMN SSSR V. N. Chernigovskii) 
) . ; 
Translated from Byulleten’ Eksperimental' noi Biologii i Meditsiny, Vol. 50, No. 9, 


pp. 123-127, September, 1960 
Original article submitted December 10, 1959 


During recent years many facts have been gathered 
showing that during the development of a tumor morpho- 
logical changes are observed in the nerve cells,not only 
in the tumor itself and the surrounding tissues,but also in 
remote divisions of the nervous system (the spinal gang- 
lia, the spinal cord and the brain) [1, 2, 4, 6, 7]. 

Since the role of viruses in the etiology of malig- 
nant neoplasms has received increasing attention, it was 
considered to be of interest to investigate the morpho- 
logical picture of remote divisions of the central nervous 
system during the development of virus papilloma in 
rabbits. 
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Peripheral situation of the nucleus in nerve cells, 


Fig. 1. 


EXPERIMENTAL METHOD 

The material investigated consisted of the lumbar 
division of the spinal cord with the spinal ganglia corre- 
sponding to the segments of localization of the tumor 
(L3-L6) and, for purposes of comparison, from the same 
rabbits the cervical division of the spinal cord and the 
spinal ganglia (C6-C7),We examined the spinal cord and 
ganglia 7, 8 and 16 months after inoculation of the virus. 
The morphological changes in the spinal cord and gang- 
lia were thus studied at a period before malignant trans- 
formation, and at a much later stage of development of 
the malignant tumor, Malignant change usually takes 
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Lumbar spinal 


ganglion; 7 months after inoculation with virus. Stained by Nissl's me- 
thod. Objective32x, ocular 6x ,coefficient 1.9, 





place in the papilloma at the 10th-12th month. The ex- 
periments were carried out on 8 rabbits. The sections 
were stained by Nissl's method. 


EXPERIMENTAL RESULTS 

Investigation of the spinal ganglia 7 months after 
inoculation with papilloma virus showed no abnormal- 
ity of the overwhelming majority of nerve cells. Among 
them were nerve cells with a peripherally situated nu- 
cleus (Fig. 1) and individual nerve cells with perinu- 
clear aggregation of the Nissl’s granules. Occasionally 
large nerve cells could be seen with an uneven distribu- 
tion of the Nissl's substance. In certain sections glial 
cells could be observed in close proximity to the body 
of the neurones, forming an impression on the surface of 
the neurones. Sometimes the pericellular spaces were 
widened, At the periphery of the ganglion in some sec- 
tions hydropic cells were found with their nucleus dis- 
placed to the periphery of the body (Fig. 2). Capsules 
were seen in which only the remains of a neurone and 
collections of glial cells were present. In individual 
fields of vision the formation of glial nodules was ob- 
served at the site of dying nerve cells. 

During investigation of the lumbar region of the 
spinal cord at the same period after inoculation, no 
abnormality was found in the majority of its cells. In 
individual sections, however, in the intermediate region 
and the posterior horns,nerve cells were found with a 
highly eccentric nucleus. Covering of nerve cells with 
glial elements was also observed, Meanwhile, in this re- 
gion of the spinal cord, individual cells were found with 
rarefaction of the Nissl's substance at the periphery, and 
enlargement of the remaining Nissl's granules. 


Whereas the above-mentioned changes were ob- 
served in the lumbar division of the spinal cord, no path- 
ological changes affecting the nerve cells or glia were 
found in the cervical division of the spinal cord. 

Eight months after inoculation with the virus, nerve 
cells with a peripherally situated nucleus were seen in 
the lumbar spinal ganglia, and in individual cells an ill- 
defined peripheral chromatolysis was observed. Occa- 
sionally the pericellular spaces were widened, and soli- 
tary hydropic nerve cells were observed, 

At the same time, in these segments of the spinal 
cord,nerve cells with a peripherally situated nucleus 
and chromatolysis were rarely found. We never observed 
any pathological changes in the nerve cells in the 
cervical division of the spinal cord in this case. 

Sixteen months after inoculation with virus the spi- 
nal ganglia showed changes analogous to those observed 
at the earlier periods, namely: nerve cells with the nu- 
cleus displaced to the periphery, and occasionally with 
peripheral chromatolysis and perinuclear distribution of 
the Nissl"s substance. 
nerve cells with a perinuclear disposition of the Niss1l's 
substance and an eccentrically situated nucleus, hyper- 
chromatosis of the Nissl"s substance and also sharply hy- 


Along with these could be seen 


perchromatic hydropic nerve cells with the nucleus dis- 
placed to the periphery of the cell body. In individual 
sections proliferation of the glia was observed, with the 
formation of glial nodules or islets, As in the earlier 
periods, the changes described were found only in a pro- 
portion of the nerve cells, 

Sixteen months after inoculation, more pronounced 
changes were found in the spinal cord than at the earli- 
er periods, In the nerve cells with a peripherally situat- 
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Fig. 2. Hydropic nerve cells, Lumbar spinal ganglion; 7 months after 
inoculation with virus. Stained by Nissl's method. Objective 50x ,oc- 


ular 16 X ,coefficient 1.9. 





Fig. 3. Corkscrewlike 


twisting of the process of a nerve cell, Lumbar 


division of the spinal cord; 16 months after inoculation with virus, 
Stained by Nissl’s method, Objective 95x,ocular 6x ,coefficient 1.9. 


ed nucleus and a Nissl's substance composed of large 
granules, a greatly enlarged nucleolus was observed, 
staining a dark color, In individual sections shrunken 
nerve cells could be seen along with chromatolysis. In 
the large neurones of the anterior and posterior horns, 
hyperchromatosis was observed, and their processes, 
twisted corkscrew-fashion, could be followed a long way 
(Fig. 3). 

In the cervical division of the spinal cord in these 
rabbits, solitary nerve cells were found with an unevenly 
distributed Nissl"s substance, 

The results of the histological analysis may be sum- 
marized as follows; 7-8 months after inoculation with 
virus, signs of irritation of the nerve cells were observed 
in the spinal ganglia of the lumbar region of the spinal 
cord corresponding to the localization of the tumor, 
These took the form of the presence of nerve cells with 
a peripherally situated nucleus, an uneven distribution 
of the Nissl*s substance, and so on. 
nerve cells with more severe pathological changes were 
observed in the spinal ganglia, from which it could be 
judged that at this period after inoculation with virus, 


At the same time, 


more severe, irreversible, destructive changes also took 
place. 
cells, the formation of glial nodules at the site of death 
of the cells,and so on, So far as the spinal cord is con- 


Evidence of this was the presence of hydropic 


cerned, only changes indicating irritation of the nerve 
cells took place. In the cervical division we found no 
pathological changes at this period after inoculation 
with the virus, 

With the development of the tumor, the changes in 
the nerve cells of the spinal cord progressed, Sixteen 


months after inoculation with virus, profound pathologic- 


al changes were observed in the nerve cells,not only of 
the spinal ganglia, but also in the spinal cord, In the 
lumbar division of the spinal cord, for instance, shrunken 
nerve cells with twisted, corkscrewlike processes ap- 
peared, giving evidence of more serious pathological 
changes, At this stage of development of the tumor, 
moreover, reactive changes were also observed in the 
cervical division of the spinal cord, 


SUMMARY 
The experiments thus showed that, in addition to the 
changes in the peripheral nervous system, previously 
studied by us in the tumor itself and in the surrounding 
connective-tissue capsule, changes also took place in 
the spinal ganglia and the spinal cord. 
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In SLEEP THERAPY IN THE 
NEUROSES, the author presents 
the results of clinical and experi- 
mental research performed since 
1946 at the Pavlov Clinic for 
Nervous Diseases. (Pavlov's con- 
cept of protective inhibition was 
based on his conviction that sleep 
often permits restitution of func- 
tion when the Central Nervous 
System has been exhausted by 
stress.) In an attempt to produce 
sleep without toxic manifestations, 
the Soviet researchers used hypno- 
sis, suggestion, and certain phys- 
ical hypnogenic stimuli, which 
helped keep the dosage of sedative 
drugs to a minimum. Actography 
was employed to measure the dura- 
tion of therapeutic sleep, making 
it possible to record the transi- 
tion from waking to sleep and vice 
versa, and to evaluate the efficacy 
of various measures in prolonging 
sleep. In a proportion of patients 
the higher nervous activity was 
investigated by experimental meth- 
ods, which served as a valuable 
supplement to the clinical observa- 
tions. 
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